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PEEFACE 


'Tins boolc is^oflViTil to stmlents iin<l tcaelicrs as the first 
part of ■\vhat 1 hope may prove to be a toli'rably satisfactory, 
and fairly systematiu, course of I'raetical Chemistry. It 
i.s the first portion of the result of very many attempts, 
made dnrin;^^ twenty- live years, to devise a workahle system 
of teaching in the lahoi'atory. 

My experience as a teacher c(Sivinces me that quali- 
tative analysis^ cannot he introduced with any hope of 
*|)rofit at an early stage of a course of practical chemistry. 
I iiice, therefore, placed a somewhat extended course of 
preparations, and of experiments on the reactions of some 
of the cl^ef classes of inorganic compounds, before the 
Section which deals with the elements of qualitative 
analysis. • * 

The dkections for performing the various exporimonta 
are'given in considerable detail; because i have always 
found that superficial directions lead to, and encourage, 
sitperficial slipshod work. At tlie same time, I* have 
endeavoured to lead students to use their -^ii'easoning 
faculties by introducing exercises to be worked out in 
the laboratory by applying the methods, and the results, 
of experiments full details for the performance whereof 
have been given. 



Xi ■ rKACTICAL CHEMISTRy 

• 

In all tho oxperhnents I have endeavoured to pay heed 
(n the oxij'tiiiciVS of teaching praetical chemistry to classes 
of stmh'ids, and to students who have not very m«ch time 
to devote to the study. 

The book ou^fht to be used in connection with Lectures 
and Lcinonstrations. The first section follows pretty 
closely the order in which 1 have attempted, for some 
years, to develop the subject-matter of elementary chemistry, 
in my own loetnves. , 

• All tho expeviment.s do.seril)ed in this Part have been 
tried repeatedly in the laboratory. By the kindness of the 
Publishevr, I have been allowed to use the proof-sheets In 
flm laboratory before making tho final corrections. I can, 
therefore, affirm that the experiments are workable. 

Ill P>ni IF. 1 hopelio.includc a more extended series of 
experinionts on the pro[iaration, and reactions, of typiep,! 
inorganic compomids; a fairly complete course of volumetriC 
analysis; a certain amount of gi'avimctric analysis; ex^ri- 
nieiits on such subjects as the determinations of equivalent 
and combining weights; and a course of Qualitative 
aiialvbis. x 

’ ^ f 

Part Iff. will contain a course of gfavimetric, and 
general, quantitative analysi.s ; tlic preparstion, and 
annlyal.b, of ‘inorganic compounds the manipulation of 
which requires considerable skill; a certain amount of 
phy8ico-cii“mical quantitative work; and. perhaps, fhe 
prepariifTOn and analysis of typkal organic compounds. 

>■ M. M. Pattison Muir. 


CiunfUPOE: Ju>u; Iti'Jl. 
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A COUPuSE OF PEAGTICAL CHEMISTi 


PART I 
ELEMENTARY 
SECTION I 

Exppi'imonts on oliciiuc.il aiul plij’htoal clianges ; mixtures anil not-mix- 
lurcs; ulemonth iuul conuioiiiuls ;«mothoil8 of iuvc.stigating chemical 
ocourmices ; iircparation, and .sonio propai'tiea, of oxygen and hydrogen ; 
typical reactions of oxides ; interactions of metals and aoicls ; inter- 
actions of metallic oxides and acids , preparations of salts ; reactions of 
acids with salts gnd with other ooinpouiuls ; characteristic properties of 
alkalis ; interactions of alkalis and salts. 

Note I. — Every experimeut must be performed carefully, 
clos^ttentiou being paid to the directions ; for instance, v/lien 
you are told to ‘ heat ijenthj,' this mean.s, use a small liunsen 
flame for heating and keep the flame at some distance from the 
apparatus to^be heated. 

Note IJ. — Akvays read the whole of the directions before 

beginning an experiment. 

• 

Note III. — A list of apparatus and materials rqguired for each 
Ipsaoii is given at the beginning of the lesson. Each lesson 
will occupy from one and a half to two hours. , 

Note IV. — In the appendix on Makin& Aupahatus will be 
found direolions for borisg iioles in corks, bending and fitting 
glass tubes, and the like. , 

Another appendix contains various tables that will be found 
useful in laboratory work. 

Lists of substances suitable^or the various exercises will also 
he found in an appendix. 
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u^aoN I 


LESSON I 

CONTKAfcT OF I'UOMINENT CHAlt VOTERS OF fHYSICVIj AND 
CHEMICAL CHANGES 

A][)iiamtus and niatariah required. — Piece of thin iron wire. 
Emery paper. Sis dry test-tubes. Two good corks to fit te.st- 
tiibes. Piece of glass tubing about ^ incli diameter inside. 
Hat-tail file, and a cutting file. Taper. Chips of wood. 
Coarsely powdered sugar. Dry white sand. Dry burnt lime. 
Salt. Ivon tilings. Dry annnonimn chloride. 

It is taken for granted that each student has a set of ordinary 
apparatus, including aucir things as test-tubes, basins, boakers, 
funnels, filter papers, glass rods, and tongs; also that he is pro- 
vided with the ordinary reagents ; and that clamps, retort an?' 
filter stands, drying chainher.s, and the like are at hand. 

Experiment I . — To contrast the effects of heat on iron loire 
and wood. 

A, Clean, with emery paper, a piece of irou wire a few 
inches long and about as thick as the lin^ in tlje margin ; 
and bring the tip of the clean wire into the non-lunnnoijs 
flame of a Buns(?n lamp. 

The iron wlVe glows ; it omits light. 

After a few seconds remove the wire from the flame ; the 
iron w more greyish blue in colour than it was before ; hut so far 
as can be judged by looking at the wire it is still iron. 

B. Fir a dry test-tube with a softened cork (see appendix 
on MaivING Apfabatus) ; then reiyove the cork and bore a hole 
through the middle of it lengthwise of a diameter such that a 
short piece of glass tubing, about 3 mm. (one-eighth of an inch) 
internal diameter, can be littod tightly into the hole and pass 
tjirough the^cork. The piece of glass tubing should be about 
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fiO ima. (aliniit ii iiifilios) long; the enda muat bo liekl in a hot 
tlamu for a tew niomanta till the edges of the glass molt | sea 
appondij; on M\kin’o Aai’Aa.vi'us). Kill 
the tube to about ono-Conrth with smuU 
•ehijis of wood, insert the eorlc with the 
glass tube fitted into it, and heat the 
lower end of the tube, gradually raising 
the teniporaturo (see figure 1). 

^ The wood chars*; drops of iSoiaturo 
appear on the sides of the tul)*j'; some- " - irizz, 

thing is given dff which smells like Imrnt f '"- 1 

wood ; and if a lighted taper is brought to the end of the glass tube 
after the heating bus been continued for two or three iniinitos, 
the vapours that are issiung from the tube take firo. When tho 
contents of tho tube are allowed ^o cool it is evident to the sight 
that some of the wood has been changed into soiaethiug which 
is very different from the original wood^ 

-■1 much more profound and more peimnncnt cdiaiuje has been 
• hrouijht aCout by hcatimj wood than by heating iron wire, 

m 

Experiment II . — To contrast the cffectsof heat on ainmonhm 
chloTiae (salammoniae) and siujar. 

A. Press a little salammoninc between filter paper until no 
wet stain is^eft on the paper; fill a dry te.st-tube to about one- 
eighth with ftio dry solammomac, and heat the lower end of the 
tube very ijgntlij Ijor a few minutes, closing the mouth of the tube 
lopsely with the thumb. You notice that some of the sal- 
ammoniac vaporises, and that the vapour becomes solid again 
on the colder (upper) part of the tube. "■ 

The oliange of a solid to a vapour by heat, which vapour 
when cooled changes hack to a solid, is called sublimation ; 
the solid formed by cooling tho vapour is called a mbit- 
mate. *- ri 

Bemovo a little of the snhymate from the tube aud compare 
it with tho original salammoniac ; (1) by noticing the appear- 
ances of the two solids ; (2) by tasting a very little of each ; 
(S) by shaking small portions" of each with cold w'ator and 
noticing how easily both dissolve ; (4) by boilinj^ a little of. 
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cacE with a few drops of a solution of caustic potasli (potash 
lye), and noticing the smell of ammonia (spirits of hartshorn) 
given oS by both. 

As far as you can determine by these rough tests the subli- 
mate is the same substance as the salammoniac before heati^' 
The process of heating salammoniac doeg not seem to have 
changed that substance into anything else. 

B. Heat a few pieces of coarsely powdered sugar in a dry 
test-tube, raising the temperature very gradulilfy, and heating th^ 
tube from the lower end upwaf^^. The sugar chars ; steam isi 
produced ; there is a small of something which* is not sugar ; 
and the white fumes which come off after the heating has been 
continued for a few minutes take fire when a lighted taper is 
brought near the open end of the test-tube. 

Sugar is evidently changed, luhen it is heated, into things 
which are quite different from sugar; whereas heating 
salmnmoniac doesjpt change that substance ^permanently 
into anything different from itself. 

Experiment III . — To contrast the effect of heat on a miV 
kire of salammo7nac and sand with the effect on a inixtuxe of 
salammoniac and lime. 

A. Heat a little d-ip white sand in a dry test-tube ; the sand 
is not altered in any way that is apparent to the se]:i^)es. 

Now mis, in a mortar, less than quarter of if test-tubeful 
of salammoniac dried by pressure between filter paper, with 
about an equal quantity of dry white sand ; place the mixture in 
a dry test-tube and heat the lower end of the tube*g'C)jtZ«/porcr 
a Imo flame, keeping the mouth of the tube loosely closed with 
the thumb. 

fifiiQ salammoniac gradually sublimes on to the upper, coefler, 
part of tlj,e tube ; and the sand remains in the lower, hot, part of 
the tube. Bemove the sublimate fcoa* the tube by the help of a 
spatula and use the tests mentictfied in Experiment II., A, to 
indicate that the sublimate is salammoniac. 

The sand seems to retain its ow7i q^roperties, and the sal- 
ammoniac io retahiits ouni proqiertics, in the mixture of 
sanely and salammoniac ; the expormieni does not suggest 
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the production of any naiu substance by kcatiinj a mixture 
of these tiro (Mdies. 

B. Hoat a littlu dry burnt liino in a iliy tcHt-tubo ; no visiblo 
change t)cenrs, nor is anything given oil' tliat can be smelt. Tlin 
lime is apparently unchanged. Now mix, in a mortar, less 
\biin (2nartcr of a teBt-tubeful of dry siilaminoniao with about 
twice as much dry burnt lime ; transfer tho mixture to a dry 
teat-tube, place a little dry burnt lime over tho mixture, and 
heat, gradually raiayig tho temij^raturo. After a minute or two 
"tho sflirse of Bmell tells you tlyit ammonia is being given off 
'from the headed inixtm’e ; i<o auhlimata of salammoniac is 
formed. 

This experiment prores that at least one new snhstiince 
[ammonia) has been foimed by healimj n mixture of 
salammoniac and burnt IJmc. The result of 2iart B of 
this experiment should be contrasted with that of part A ; 
in the latter chemical ehaiujc did not occur, in the former 
something was produced quite di^'erent from the substances 
that rcact*d to produce it. 

Experiment lY , — To contrast the action of water on salt 
withfTlic action of diluted sulphuric acid on iron. 

A. To about a tost-tuboful of water in a small basin add 

common sal?^ a little at a time, and stir with a ghi.s.s rod ; con- 
tinue to add salt, and to stir, as long as tlio salt disappear.^ in tho 
water. Then iiofir off some of tho clear liquid from above tho 
nfldissolved .salt into unotlier small ha.sin, and remove the water 
by placing the basin on a piece of wire gauKo a^d evaporating 
over a small flame, stirring constantly whilo the evaporation is 
proceeding (to prevent spirting). You obtain a white solid. sub- 
stance like common salt ; and if you taste a little of this sub.stanco 
you perceive that it is salt. '' 

B. Pour about two tt’sPuihesful of diluted sulphurio acid 
into a small basin ; heat tlfe liquid, and add about one-fifth 
of a test-tubeful of iron filings ; warm for a fevir minutes until 
gas comes off freely, then ramove the lamp, and when the 
action has slackened considerably pour the liquid in tlie basin 
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ilo’wn a'glass rod on to a folded filter 'pcuper ' that has been 
moistened with water after being placed in a funnel which is sup- 
ported in a filter stand (see figuro 2), and collect in a basin the 

liquid which runs though the 
filter ; this liquid is called t/m 
filtrate. 

Tho filtration is performed 
in order to get rid ofttho 
i; nnohiniged iron. 

A.S the filtrate cools 'a palff 
greenish solid forms." A com- 
parison of tho appearance of 
this solid with that of the iron 

1 which was put into sulphuric 

^ acid shows that the two sub- 
stances arc very different from one another. 

The iron has not dissolved nnehanged in the sulphuric acid, 
as the salt dissolifed unchanged in water in part A of this 
experment ; hut the iron and the siiphuric-acid have 
reacted to jnodnee a substance which is different fivuP 
cither of them. Chemical change has occurred in one 
part of this experiment. 



\ 


Note. — What oviilonce dal part B of Erpemnent IV. yivii oJ tho pio- 
duotion of some substanco (or eubstuncps) diffeieut from iron and 
sulphuric acid, besides the grocmah white solid ? ^ 

Note.— Quantities of solids are measured by weight ; the unit of weiglit 
geuerally used in chemistry is the gram. Qusntities .of liquids are 
usually measured by volume ; the unit of volume geircrally uped 
m chemistry is the cubic ceiilimcire. One cubic oeuCiinetrc of pure 
water C, weighs one gram. ' 


* The metlind of folding a circular dllov paper is indicated in a and s, fig. 2. 

^ . . . r 

’ Should no solid form in the cold liquid, boil tho liquid until its hiillc ia 
rcducud to,al)uut one halt, and allow to cool. 
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LESSON II 

JJONTltAHT Oi’ ritOMINIJNT CltAUAOTUUS OP rilYSICAL AND 
CIIIMUCAL OHANOKS— COMC'/i«<;iZ 

^ -IpjKimtus and materials rcimired . — Coar.sely powileretl sugar. 
Coarsely powdered marble, "ood cork to lit a test-tube, 
rieco of glass tubing about ^ iucb iutenuil diiuueter and 0 to 8 
inelics long. Another piece of glass tubing about 11 to 1(5 
inclios long and ] inch intornal diainoter. Thin glass jar about 
(i to CJi inche.s tail and 3 to 4 inchc.s diameter. Dry test-tube. 
Flask about 1 oz. capacity; another 2-oz. flask Avith a rather 
long neck, fitted with good cork. Rat-tail file, also cutting file. 
Doaker about (i to 7 inches high by'S to 4 inches diameter; 
bgsin to rfovor inSuth of this beaker. Tapers. Lime water. 

' Experiment I . — To contrast the action of water on suyur icitli 
the ‘ytion of hjclrochloric acid on marble. 

A. Place about half a test-tnbeful of powdered sugar in 
about n test-tubeful of warm water in a small basin, and stir 
Avith a glas^ rod ; the sugar gradually dis- 
appears. Has tJiR snijar changed inlo some- 
thing which is not sugar — as tho iron did 
Avhen it was dissolved in diluted sulphuric 
aciif in Experiment IV., B., in Lesson I . — 
or is the sugar present in the water To 
ai;^wor this (luestion remove the Avater by 
evaporation, and see whether sugar, or some- 
thing that is not sugar, rem ains. For this 
purpose place the basin on a piece of Avire 
gauze, on a tripod, and helit over a very 
small flame until froth begins to form pretty freely on the sur- 
face of the liquid ; then remcMe the basin from the gauze and 
place it on tjio top of a beaker in which water is kept boiling, a 
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nai-row ^paco (for the escape of steam) being left between tbe rim 
of tbe beaker and tbe basin by slipping a folded piece of paper 
under the basin (see figure 3). 

This device serves to keep the contents of tbe basin at a 
constant temperature, nearly that of boiling water ; aud^,^ 
there is no risk of the temperature rising high enough-do 
char tlie sugar (compare Ex^ieriiimU IL, B., Lesson I.). 
This process is called emporatioii on a steam bath- ^ 
Stir the contents of the bi^siu briskly Tyhfle evaporation is 
proceeding (the steam is thus aifowed to escape more freely aud“ 
evaporation is hastened), and coSbinue the process until only a 
white, dry solid is left in the basin. The solid is like sugar to 
look at, and it has the sweet taste of sugar ; moreover, if yon 
heat a little of it in a dry test-tube it chars and smolls like burnt 
sugar (see Experiment IL, B,, of Tjcsson I.) 

The ansiucr tvhich the result of this experiment gives to the 
question propounded at the bcgiimiiuj of the experiment 
is: the sugar ka^ very probably, not been changed into 
any new substance by dissolving in nuatcr','- physiqfll 
change took place, but, so far as the experiment sJwutSr- 
chemical change did not occur. 

B. Pour some water on to a little coarsely powdered iffarble 
in a test-tube, and then heat the w'ater ; the marble is not 
changed visibly. Now pour a small quantity of hydrochloric 
acid into the tube. Brisk effervescence occurs; tje gas that 
comes off is colourless, and it extinguishes a 
Hghted taper brought close to the mduth of the 
tube. Fit a test-tube with a cork carrying a piece 
^of glass tubing bent as .shown in figure 4^ fill 
another test-tube to about one-sixth with clear 
lime water ; pour cono. hydrochloric acid whjch 
has been diluted with three or four times its bulk 
of water'^into the tube fitted with the cork until the tube is 
about quarter full ; slip a few pieces ot coarsely powdered marble 
into the tuba eontainiug the acid— inclining the tube, so that 
the marble slips in gently — at once put in the cork, and let the 
gas that is produced bubble throii-vh the Ume water. 

Describe exactly what you see occurring in the linie water. 
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You must now liiid out whotlior the luarhle has inerely dis- 
solvod in the acid, as sugar dissolved in water in part A of this 
experiment, or wliether a now substance lias been produced. 
For thus pur[]o.so allow the effervoscenee to proceed for about five 
minutes, pouring a little more diluted hydrochloric acid on to 
the marhlo if thu offorve.seeuco stops, and then pour the liduid 
from above any marble that remains into a small basin and sot 
tlfSs basin on a piece of wire gauze ; bring a very small Bunsen 
llamo beneath tlfe gauze, and sftr tlio content.s of the basin with 
a glass rod continuously untij/cho liquid is removed comiiletcly 
and a dry, white solid remiUM. 

The coustaut stirring during evaporation over tlio ilame is 
to prevent spirting. 

To determine wlu'tluu' the white solid you luivo obtained by 
dissolving marble in diluted hycivochloric acid is, or is not, un- 
changed marble, you must compare the properties of marble 
with those of tlie substance you have obtained. You know that 
marble does not di.ssolve in water, but that it dissolves slowly 
^\;ith cffc'rvesconCe in diluted liydrochloric acid ; shake a little of 
,the white solid with water, and a little ■with diluted hydrochloric 
acid, and note the result in each case. Also expose a little 
maiule and a small quantity of the white solid to the air for five 
or ten minutes, and note any change in the appearance.s of the 
two substances. 

Exxie.runmt I., parts A and B, shows that sugar docs not 
■undeujo any great change when it di.'^solvcs in water, for 
the sugar is obtained again when the water in which it 
was dissolved is removed by evajwration; but that marble 
reacts with diluted hydrochloric acid to jp-oduce at least 
two things different from itself, namely, a colourless gas 
which puts out a lighted taper and produces a white solid 
in lime tuater, and a white solid that dissolves easily in 
water and become.%,^jj^ (deliquesces) in the air. " 

Experiment 11 . — To contmstthcbicrning of coal gas with the 
effect of heat on water. | 

A. Draw out a piece of gla^ tubing about 6 mm. wide (about 
J inch) and about 800 mm. (12 inches) long, near one end, cut thp 
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Jube at tlio navi'owed part, and hold oaeh end of the tube in the 
Bunsen flauie for a mouKuit or two till the rough edges of tho glass 
am fused smooth ; now bend the tuba a short distance fym tho 
narrowed cud, so that when tho tube is held vertically the narrow 
end points upwards, as shown in figure 6. Connect the wider 
end of this tube with the gas supply, by moans 
^ of caoutchouc tubing ; set fire to the gas issuing 
J 1. from the narrowed end of the tube, and tufn 
down the gas fi^itil the flame ts about 10 to 12 
, mm. (say about^an inch) long. Into a clean, 
r-.i.-Wii wide-mouthed, tmn, glass jar,' •pour enough 
clear lime water to completely cover the bottom 
of the jar, and lower the tube into this jar until 
the jet of burning gas is about 50 mm. (2 inohes) above the lime 
water (see figure 6). Allow the gijs to burn for four or five minutes, 
then remove tho tube, and shake tho jar while the mouth of it is 
covered with the hand or a glass plate ; white solid matter forms 
in the lime water As tfie burning gas was odourless, while 
coal gas has a marked smell, it is evident that the coaF gas was 
changed into some now thing, or things, while it was burning’ j.. 
and this conclusion is supported by tlio formation of the wjiite 
solid in the lime water. • 

But it may be supposed that the substance u'hich produced 
the white solid in the lime water was contained m the coal gas, 
and was not produced by burning the gas.. To te^ this hypo- 
the.sia, clean the jar thoroughly, then pour a. little clear lime 
water into it, and allow coal gas to bubble tfirougli* the lime 
Avater for a foAV minutes ; as the lime water remains clear, yo*n 
conclude that (foal gas does not contain anything Avhiob prod^ices 
a solid in lime Avater, hut that something having this property is 
prodiAcod while coal gas is burning. ,, 

B. Pour some distilled Avater into a flask of about 120 c.o. 
(about 4 (t/..) capacity, place the flaslyjn a piece of wire gauze, 
and heat it until the water boils.^ Bill a small flask, Avith a 
rather long neck, of about 60 c.o! (about 2 oz.) capacity with 
Avater ; close the flask by a good cc^k, and hold it in the position 

1 A jar alioul 100 lum, (Ot moUos) aufl 100 lum. (4 moUes) itiameter is a 
(jpuvoniont sizo. 
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sliowii in figure 7 (a test-tnbo holder iniiy bo used to Hupporl- tbe, 
llasli). I^ropa of ii colourless liquid like water form on the 
outside of the cold Ihvsk and fall 
into 11 ^ clean dry basin placed 
beneath, as shown in the liguro. 

Tiiste the liquid that collects in 
the basin ; it is evitleiitly water. 

- The firat imrt (A) of Bx- 
pcri.mont’Ii. c 

' case of the pcrnitindh 
c/i<i)((/6 of one suhst^ici' 

(coal gas) into new sub- 
stances iinlihe itsel/'; 
while the other luot. (11) 
of that l\l■])crunent shows 
ihe h'liijKinn 1/ o/it()i(/Go/ a 
liquid into a ejas (water into steam), followed, htj the re- 
formation of the oric/inal tiqntd when the gas is cooled, 
Clouiparo' these results with the piermanent changes of 
wood and sugar into now substances when heated (Lesson 
1., Experiments 1., B, and II., B) ; and with the tem- 
porary ohaugo of salammoniao into a gas by beating the 
aalatnmoniac (Lesson I., Experiment II., A). 
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LESSON III 

CONTBAST OF THYBIOAL AND ^EMIOAD CsfANGBS — COntiimcd. 

MIXTURES AND a^j?-MIXTUUBS 

Ap^jaratus and materials required.- — A few dry test-tubes. 
Good cork to fit test-tube. Eat-tail file. Piece of bent glass 
tubing about 6 inches long used in Lesson II., Lixperimant I., B. 
Beaker for steam-bath and baein to cover mouth of beaker. 
Cnlieo. Powdered marble. Sugar. Mercury. Pure iodine. 
Alcohol. Lime water. 

Experiment I. — To contrast the effect of mixing sugar and 
vowdored matble with that of mixing mercury and iodine. 

A. An exporimout in Lesson II. [I., A) has shown that mgar 
may be dissolved in water and obtained again unchanged by re- 
moving the water by evaporation. Part B of Experiment I., 
Lesson II., proved that marble does not dissolve water, but 
that it does dissolve in diluted hydrochloric acid, and that the 
marble and the acid interact so as to produce ift leasWwo new 
substances, one of which is a colourless gas that produces a 
white solid in lime water, and the other is a deliijuescent boIW. 

The object of the present experiment is to find an answer to 
this q,ue8tion : Is any new substance produced when sugar apd 
powdered marble are rubbed together? The results of Experi- 
ment I., Lesson II., are to be used i n an swering the question. 

Mix, by rubbing together in a mortar, about equal quantities 
of powdered marble and powdered^ sugar — say about 10 grams 
(from one-third to one-half a tesJ,-luboful) of each ; place the 
mixture in a beaker, add about a Offmple of test-tubesful of water, 
warm for some minutes, shaking from time to time ; let the solid 
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matter settle, and thou pour tlio liquid through a filter paper 
placed in a funnel which is supported in a filter stand (see figure 2, 
p. (1), giollceting in a basin the liquid that runs through the 
filter (this liquid is called the filiridc). Pour about two tost- 
tubosful of water on to the solid left in the beaker, wann and 
shnlco thoroughly, allow' to aottlo, and pour tlie liquid through 
the filter that was used heforc, collecting the filtrate in the same 
basin as before.^ Repeat this treatment with water until the 
liquid that rune through the ylltor ceases to taste sweet. Mix 
the filtrate ; poim away aboqt'vhree-fonrths of it ; evaporate tho 
remainder in* a basin over a very small flame until the liquid 
becomes thick, stirring constanlb/; then remove the flame, and 
stir till solid matter forms (sco below). Now remove the solid 
which renmin.s in the liealcer on to a piece of calico, and pre.s.s 
it till it is dry ; put the dried srilid into a tost-tnbo fitted with a 
cork and a bent tube as described in Ea-perintent B, Lesson II. 
(see p. H, fig. ‘1) ; pour a little diluted hydrochloric acid on to 
the solid.; notice that effervescence occuns ; let the gas that 
comes oft' bubble through some clear lime water in a test-tube, and 
'‘notice that a white solid forms in tho lime water. The results of 
thi3rj.3art of tho experiment prove that the solid left after 
repeatedly treating the mixture of marble and sugar with hot 
water is unchanged marble. 

When the filtrate obtained by treating the origin.al mixture 
with hot water and pouring the liquid through a filter has 
evaporated, to tk-j-ness (see above) (you must stir ligorously 
with a glass rod as the liquid becomes thick), notice that the dry 
substance has the appearance and the taste of si;gar ; put some 
of it into a test-tube fitted with a cork and a bent tube dipping 
into lime water, and pour a little diluted hydrocliloric acid into 
the tube ; you do not notice any eifervcsconoo, nor is a gas given 
off which produces a white .solid in the lime water. 

This experiment that each of the constituents of a 

mixture of sugar and powdered marble behaves toivaids 
sealer in the same waj/Mis it does when it is smviixed svilh 
tho other constituent ;\^id the eapermmit makes it very 
jtrohahlo that no new substance is produced seheii jioivdered 
marbh and sugar are mixed. 
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B. Is any new suhstaiica formed when mercury and iodine 
are mixed ? 

If a new aubstanee ia formed by mixing mercui'y and#iodine, 
the properties of the new substance will bo different from the 
properties of its constituents; hence an examination of some 
property, or some properties, of mercury and iodine, followed by 
an examination of the properties of the product of mixing the|po 
substances, will enable you to answer the qi^estion proposed. 
Look carefully at mercury and io®ue, and note the appearance of 
each. Place a little iodine, and %kvery little mercury, in sepa 
rate test-tubes, add some water, and shako ; the mercury is not 
affected visibly, but the water over the iodine acquires a faint 
yellow colour after shaking for a minute or two. Now add a 
little alcohol to very small quantities of mercury and iodine 
in different test-tubes, warn Slightly, and shako for a few 
momenta ; the mercury is not altered, but the alcohol gradually 
acquires a yellowish red colour, which indicates that some of the 
iodine has dissolved in it. , 

The results so far obtained show that mercury and iodine 
can bo distinguished one from the other by their appearancesr' 
and by their behaviours with w'ater and with alcohol. If m^aew 
substance is formed when mercury and iodine arc mixed, it will 
probably be possible to see particles of mercury and particles of 
iodine in the mixture, and if the mixture is shaken rfor a little 
time with water, we should expect the water to becffme slightly 
yellow, and we should also expreot warm alcohol to. acquire a 
yellowish red colour when shaken for some time with the miv- 
ture ; morpovex, if the iodine and the mercury retain their ,fn-o- 
perties in the mixture, it should be possible to remove the iodine 
and to leave the mercury by warming and shaking with alcohol, 
pouring off the coloured liquid, and repeating this treatment 
several times , On the other hand, if the product of mixing 
mercury and iodine is a substancj* '."irfferent from either of its 
constituents, that substance will not behave towards water, and 
alcohol, as a mere mixture of merj.ury and iodine would behave, 
and the appearance of the now,/!ubstance will bo more or less 
distinctly unlilce that of either constituent. 

Now place three or four flakes (not more) of pure, resublimed. 
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iodine in a dry, ch'iin, mortar; add not inoi'o tbnn two drops ‘ 
of alcohol (to ciiuso solutinn of part of tho iodine and ho to bring 
it into closer contact with the mercury), and then about two drops 
of mer(!iiry. Kub t,liu aub-stances in tho mortar with a pestle until 
•41 brownish green (or it may bo a reddish grey) powder is formed ' ; 
doftich this powder, bj’ moans of a spatula, from any particles of 
morcnry that are visible, place it in a test-tube, add some alcohol, 
warm, shake for a shore time, and allow tlio solid matter to settle ; 
if the, alcohol is at 'all colon re()/’pour it off, add a little more 
illcohol, warm, and shake agij^ The alcohol is not coloured ; 
hence no iodiut has dissolved. Pour off the alcohol, add some 
water to the solid matter in tho tube, and shako vigorously for 
some time ; the water is not coloured. Therefore, tlie mercury 
and tho iodine have interacted in .such a way that something is 
formed which has at least some ‘properties different from those 
of either mercury or iodine. 

This jkirt of the experiment slmiljf he contrasted with part 
A of tho same experiment ; in one of these experiments 
no 'new snhstance was prodnecd hij mixing certain definite 
substances, while in the other experiment the. bodies that 
• were mixed reacted so as to produce a new substance, 

[fhe product of mixing powdered marble and sugar is a 
mixture ; the product of mixing mercury and iodine bc- 
long8*to the class of not-mixlurcs. Or it may be said 
that (Siemical change is not brought about by mixing 
marble and sugar, but that chemical change occurs when 
mcixury and iodine are rubbed together vigorously in pre- 
sence of a few drops of alcohol. 


1 "Wlion mercury and lodino are rubbud togotliov for a feu miiuites tlioru in 
fiomf^lnies a sudden prodiiefciou of heat, Molot \apourH (of iodine) avo giv«i off, 
and a groyinli red powder rcnuiiiifl. 
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LESSON IV 

EXEUOISES on the OLASSIF^ATION op SJJIi9TANOES INTO 
MIXTUHES AnAnOT-JIIXTUKES 

Exercise I. — The solid A is composed of the solids a and h ; 
is A a mixture of a and b, or have a and b combined 
chemically to form A ? 

You must observe somo properties of a and h separately, and 
you must then, determine whether a and h do or do not retain 
these properties in A, which lias been made either hy mixing a 
and h, or by causing these bodies to combine chemically. The 
properties of a and b which we shall observe are-. (1) their 
liehavioui's towards water, and (2) their behaviours towards 
hydrochloric acid. 

A. Shake with water small quantities of a and b, 'sepa- 
rately ; and note the results. 

Does a 01 6 dissolve ? Is any gns given off ? Doea#the snbstanco 
sink in t!ie water, or float, or paitly sink and pnvU5*float? Is any 
change produced in the colour or appearance. of either suhatanoe, 
or in the colour of the water ? * V 

Now warm the water in which you have pilaced a and b ; and 
note the resTtlts. Then shake with water a small quantity 
of A ; and, having noted the results, warm the water and again 
notd what you observe. , 

If the behaviour of A with water is equal to the behaviour of 
a added to that of h, then A is a nj^^^re of a and b. But if the 
behaviour of A with water is djlferent from the sum of the 
behaviours of a and h, then A is iv ,t a mixture of a and h ; as you 
know that A is composed of a an<f h, you must conclude, in this 
case, that A is a compound, 

B. Sh^Q small quantities of a, b, and A, senarately, Vith 
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about one-foui'th of ii tebt-tubofiil of concentrated hydroebloric 
acid ; note tlio rcsult.s. Then warm fcJic acid in eaeli tube, and 
note tli(^ results. Use the same kind of reasoning ns in A to 
determine whether A i.s n mixture, or ii ooniiiound, of a and i. 

Tlui foHmviiii’ suKuest tlu; kinil of oliseivationa ;|,oii hIiouM 

L'siJf'cially iimke in tlii.*, part of thn inMn-ciaif. Does n, b, or A, ilissolvo in 
thficoUtliydrmildcnic acid? Doemoiyef the three sulistiincpa diamilve 
in tliii lint acid ? Is the colour of the acid clianged V la any coiuurrd 
ur odoimei gii^ ^i\on oil? (A^iin some cnneentriited hydtocliloric 
•acid alone and smell tlio gas ffiat coiiica off.) Do Iho subatanoos 
sink in the acid, or iloat, or j^tly amk and pailly iloat? 

Exercise II. — The solid C is composed of the solids .r and y ; 

is C it mixture, or ii compound, of .r and // 

The method to bo employed is the .same as in AVcrcAc I,, but 
we shall slightly niter the way otV-ipplyiug the method. 

A. Heat, in dry test-tubes, small quantities of ,t, y, and 0, 
separately ; and note the ro.sults. ^ 

Is thevp any cln^ngu in the apiicaiauccfl of the substanooB ? Docs any 
of tllcni melt, or siilihmo ? Is any odorous or coloured gas given oil ? 

B. Mix small quantities of x and y, by pounding in a mortar. 
0«mpare the appearance of this mixture with the appearance 

of C. Note wliat happens when you heat a little of this mix- 
ture in a dry test-tube. 

Any change of appearance? Any ovolutiou of gas? Docs sublimation 

OCCHl ? 

, Shake'll little of the mixture wdtli water. Tlion shake a little 
of the mixture with diluted hydrochloric acid ; and then warm. 
Not* carefully what you observe in each case. Try the action of 
water, and of diluted hydrochloric acid, on C, and also on x and 
y, separately ; and note the results. • 

Does tlio wliolo, or only iiart, of tlio mixture sink in water ? Does C 
sink, or float, ur partly^y^ and partly float, in water ? Is any gaa 
given off when the inixturo is warmed with diluted hydrochloric acid ? 
Is any gas given off when fc is warmed with diluted hydrocliloiio 
acid ; if there is a gas, is it t A same as tliat given off by the mixture ? 
Is any gas given off when ^ or when y, is warmed with hydro- 
ohlorio acid ; if there is a gas, is it the same as that given oif by the 
mixtiiro^or the same as that given off by C? 
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Note to the Student 


In I'eoording the results of your ohaervations in this exercise, ond in 
oxeroiaoB of a aimilar kind, it is advisable to use a method \Hj>ioh shall 
bring together the results of the notion of the some agent on the difieront 
substances, so that these results may be compared and contrasted. Tij. 
record tha results in parallel cohinnia la probably tho simplest plan. , An 
example is appended. • 


PnoBUEM. The subatanca P is either a mixture or a compound oi tho 
substances »t and n ; wbioh is h ? Examine the, notion of (1) heat, 
(2) diluted sulphuric acid, on the tblhe substances.* 

Obseevations. The three substwies were white solids. 


Action of heat 

P 111 . n. 

No visible change ; no I No visible change ; no j No visible change ; no 
gas given ofif ; no smell, j gas given off ; no Bmcll. 1 gas given off ; no smell. 

CouefttsioH. P may be either a*iiuxtuvp, or a compound, of w and n. 


Action of diluted sidphurk acid 


Effervescence; gus given 


offcolonrlesa and odoui- 
UbB', when offeivescenoe 
stopped, more acid 
produced more effer- 
vescence, but finally no 
offei'vaeceuoe was caused 
by fresh acid, and white 
solid remained. 

CmiclmioH. 


m 

No visible action; no- 
tiling appaiently dis- 
solved. 


n 

Elfcrvesoendo ; colour- 
less odourless gas given 
off ; whole of n even- 
tually dissolved • with 
effervosoenoe. 


P is a mixture of vi and n. 


The reisults of your examination of tha subatanoes given in 
this lesson shBuld be entered in your uoto-boolc in tho following 
form : — 


1 . 

Shaken with water ; water then 
warmed 


Shakeji with cone, hydrochlor 
acid ; then warmed 

COKCLlrSION. 
h 




a-. 


6 ! 
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EXERCISES OX MIXTURES AND NOT-MIX' 


:ture.s I'j 


II. 


Effects 0^ Jicatimj 


Effects of shakinij 
with ivater 


C. 


0 . 


X. 


Mixture of x .%ud //. 
Mixture of x and //, 


X. 


Effects of shakiitij » 
tvitJ'i diluted hij- ! — j 

* drochloric acid | t 

Effects of warming \ 
with diluted lug- j -- 
drochloric acid 


CoNCiLUHION. 
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LESSON V 

NOT-IHIXTUBp;S DIVIDJ3D INI® UOMI'OUN3fiS ' AND ELEMENTS. 

TWO KINDS OF OHEMIOaXl CnANGB ; BUILDING UP ANg 

BBBAKING UP 

Ai>paratus and materials required . — Porcelain crucible, about 
1] inch deep, and lid. Small earthenware crucible about I;} inch 
deep. Small shallow earthenware tray, about 4 inches diameter, 
lllagncsimn ribbon. Emery paper. Two pill-boxes Avith lids, 
small shot, and tinfoil. Piece of stout iron wire about 3 inches 
long. Small pieces of iead. Triangle. Two dry test-tubes of 
hard glass ; two corks to fit these. Kat-tail»and cutting files. 
Two pieces of glass tubing about ^ inch internal diameter ai^^d 
6 to 8 inches long. Trough for collecting gas over rvater. Sjplifits 
of wood. Dry red lead. Hod oxide of mercury. 

It xuill save time if Experiment II. is started before Experi- 
limit I., and Experiment I. is performed while thedead is heimj 
heated in Exjiarimcnt II. 

Experiment I , — To find out soniethimj about the chaJi<je 
tvhich occurs jL’hcn maqnesium is burnt in air. 

Burn a little bit of inugnesinm ribbon, by bolding one end in 
tbo'Bunsen flame for a moment ; notice the Avhite x>owder »that 
is produced. Chemical change has oxidontly taken place. 

Has this white solid been iranj^i. rmt of the magnesium — us 
sugar Avas withdrawn from a muture of marble and sugar in 
Experiment I., Lesson HI;, by nie action of Avator — or has the 
solid beenjormed by the chemicJ combination of the magnesium 
xcith something else ? Has thainagnesbim been hrolcen up into 
this xchite substance and something else you do not see; or has 
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the nuujncMum combined irith some other stibstiinec mul so 
formed the irhile jMi'de.r 

To iin^wL'i' this (luostinn aiJproxiinatoly it will ho nonossai’y to 
duteniiino whotlior the whiti! solid obtaiiu’d hy hui'iiiii]!,' luiigue- 
.“ium weighs tile .siiine us, more thiiii, nr less tliiui, the miignesiuui. 

^lomitc'i'poiso a eloan, dry, porcoliiin erncible with a lid. 

'I'lu' (nui'ilile shmiltl lie about iltl iiim. tatmut 1 j inch) ilecii liy about the 
hiuiii' lUaiucloi’ at the top. Tbi' ueimti'Vjioisiiif; may lie diiun by pUic- 
iui; a jull-box oii Hie otlier ]iaii iij) the Iml.iiiee, aiul imttiiig small shot 
and little pieecs of tbiu liiibul i>l(i this bo\-. 

Clean a pidbe of niiigne.siifni ribbon ahniil l.sO to ‘200 inni. 
(about (f to 8 incbe.s) long, by rubbing it with eiuiwy piijier ; arr.ingo 
tlio inagne.siuin in the crucilde as shown in ligure 8, but wr.ap 
the folds of the ribbon more clo.sely together 
than is shown in the lignro ; eoim»erpoisc the 
enicible with the magnesium in it and the lid 
on. Now remove the lid of the erncible and 
hold it in the oruciblo tongs ; at't the crucihlo 
on a pipeclay triangle re.sting on a tripod ; and 
l»jit the crucihlo to full redness by a Bunsen 
lamp. As soon as burning of tlio inagnesimn fir,. 8 

begin, s' bring the lid so close to the erucihle that th(‘ wliito 
smoko produced is caught on the lid, at the same time leaving 
a little spaej for the entry of air into the cnieible (see tho 
figure). If tfio burning nearly ceases remove the lid, for a 
moment, furtliev fyoiu the erucihle ; if the luiniiog proceeds so 
rajjjdly thfif smoke escapi's freely hring the lid nearer tho 
crucible. When tho whole of the magnesium is burnt place tho 
lid upside down on the crucible (this is to prevent The falling oft' 
from the inside of the lid of the wliito solul that lias collected on 
it): 'allow the crucible and its contonts to cool ; then plac'e it 
on the pan of tho balance, and place on the other pan the 
counterpoise whoso woighU-u’uH equal to that of tho crucible, lid, 
and magnesium talcen together* 

Tho crucible, lid, and burnt -magnesium together weigh more 
than the crucible, lid, and nnl)i’^t nmgno.sinm weighed. 

It seems, then, that while the magnesium burnt it laid, hold 
of some oilier, substance, or substances. 
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Did the burning magnesium talce something away from the 
vessel wherein it was burnt ? 

Thoi-ouglily clcun tlie cniciblo and lid witli a dry clq^li ; place 
tlicm on the pan of the balance, and on the other pan place the 
counterpoise whose weight is known to be eqnal to that of the 
crucible and tho lid at the beginning of ^he experiment. The 
weight of the crucible and lid is the same as before the mag- 
nesium was burnt ; therefore nothing has been removed by the 
burning magnesium from the i essel wherefn it was burnt. 

This experiment malccs fh^ery probable that when mag- 
nesium is burnt in air the magnesium combines xoith the 
air, 07' with so7rie constitaieyit of the air, to form a white 
poioder. The burning of magnesium is probably a pi'occss 
of Imildbig 7ip. 

r 

Experiment II . — To find out something about the change 
that occurs when lead is heated in air. 

When load is strongly heated in the air for soine time it 
is changed into a yellowish red powder ; is this a case of build- 
ing irp or breaking up ? ’/ 

Place six or eight small thin pieces of lead, each ahpot the 
size shown in the margin, in a clean dry earthenware crucible 
I — , about inch deep, lay a bit of stout iron whe abont 75 
— mm. (8 inches) long across the crucible, ami counterpoise 
tho crucible with the lead and the iron wire oif it. Put the 
crucible ou a pipeclay triangle resting on a tripod, ,And bring a 
Bunsen burner under the tripod with the flame arranged so that 
the bottom of the crucible becomes visibly hot after a miryjte or 
two. Continue to heat in this way for about tweiity-five or thirty 
minutes, stirring tho lead camtiously from time to time with the 
piece of iron wire, and taking care that nothing is spilt froifl the 
crucible or lost by dropping from the stirrer. (The reason for 
stirring is to expose fresh surfacesi-sf the hot lead to the action 
of the air.) r 

When a fair quantity of a yelll'wish red powder has formed on 
the surface of the lead (which ■^d be after the beating has been 
continued for nearly thirty minutes) remove the source of heat, 
place the stirrer in the crucible, and let the whole cool. When 
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quite cold, cnniiteiqioisQ the crucible and its contents, includin;? 
the Btirrer ; there is a slight increase in weight. 

The reMtU of thifi I'.rjuriinfiit iitukex if 2 >robuhlc fhat when 
lead IS heated Ul the air if eumbines with the air, or 
with some comtdiicnt of the air, to fonn n yeUowixh 
lod powder ; the formation of thin powder, which may he 
called hurnt tead, is prohahly a process of huildimj up. 

» 

Experiment IJI . — To make a further e.ramination of what 
occurs when lead is bleated in ni^. 

* The ohjeci;, of this experivjcnt is to find out more about the 
process that ocour.s when lead is heated in the air, which process 
is probably one of building up. 

If the change brought about by healing lead in air consists 
in a combination of the load with tho air, or with part of the 
air, it may bo possible to get the air out of tbo burnt load. 

When lead is roasted in a stream of air at a low red heat 
red lead is gradually formed ; if the temperature is raised litharge 
is produced. • 

^ Arrange a dry test-tube, made of hard glass, with a good cork 
and exit-tube as shown in figure 9. Fill this tube to about one- 
eighth with dry red lead ; remove the cork and counterpoise tho 
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tube and red lead. Again p*t in the cork, support the tube, by 
means of a clamp, in the position shown in figure 10, allowing 
the lower end of tbo tube t\ilip under water in a fair-sized 
basin, or in a shallow earthenware tray. Have ready a few thin 
slips of wood. Now heat the tube by a small flamoj bogiiiniug 
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from the upper surface of the red lead and slowly heating down- 
wards, and taking care that the heat is applied very gradually 
(to prevent the tubing cracking), and that the lamp is notjirought 
near enough the cork to char it. The air in the tube will expand 
imdwill be driven out ; you will see it bubbling up through the.' 
water in the basin. After a few minutes the bubbles of air will 
come oft’ very slowly ; now raise the Bunsen flame ; air will likely 
come off more freely for a few moments, but will soon slacken 
again. When this second slacketing of the afc-Euhbles is noticed, 
bring another Bunsen lamp beifl^th the lower end of the tube.„ 
After a short time (say five minutes or so) you’'will probably 
notice that bubbles of some kind of air or gas are coining off ; 
fill a test-tube with water, close the month with the thumb, 
invert the tube, bring the month under the water in the basin, 
remove the thumb, and move Ahe mouth of the test-tube over 
the end of the deli very -tube from which the bubbles are escaping. 
Hold the test-tube in this^osition until it is filled with the air, 
or gas, that is coming from the very hot red lead ; tlicn slip the 
thumb under the water, and place the thumb over the ’mouth'Of 
the test-tube ; remove the test-tube (closed by the thumb) froRT 
the water ; set fire to one of the thin slips of w’ood, and when it 
has burnt for a moment gently blow out the llame so that the 
wood smoulders but does not bum brightly ; remove the thumb 
from the mouth of the test-tube and at once plunge ,);he glowing 
piece of wood into the tube : — the wood burns brightly in the gas, 
or air, in the test-tube. Continue to heat the red lead for somo 
time longer— say, for ten minutes— so as to make mre that^jr 
fair quantity of this combustion-supporting gas is removed from 
it ; then lift tue end of the delivery-tube out of the water"^ re- 
move the Bunsen lamps, and let the test-tube and its contents 
cool ■completely. When the tube is quite cold remove the cork, 
and counterpoise the tube and its contents; you notice that the 
weight is slightly less than it was before heating. You will also 
notice that some of the red lead has been changed into a yellow 
solid (this is litharge). It 

This cxi)erment shmvs that ul^eri red lead is stroncjly heated 
it loses weight, and that a colourless gas is given off 
which is not ordinary air, inasmuch as this,ujas causes a 
snioucdcring slip of wood to hum brightly. 
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Now red loud is proilueod by beatin" lead in a streain of air ; 
and we Iviiow, from E.rpn ivmit II., that this process is accom- 
panied b^ an increase of weight. 

Tlio results of E.vpcrimanU II. and III, mako it very pro- 
bable that the formation of red lead by heating lead in air 
is a process of building up, and that this process consiats 
in the combination witli the heated lead of a constituent 
of the air which differ.s from ordinary air in that it sup- 
^ porta eombliskion more vigiii'ously than ordinary air does. 

Wliat experimonts (In you thinl; ^i\oul(l lie ri'iiiiii'i il in ovilcr to prove 
this oonolwsion .satiafnetoriljrt? 

Experiment IV,— To (\ramiiu' tlm vij.xl iI he, a on Imrnt 
iircurij, 

You are given a rc'd powdcsr, which you are told is produced 
by heating mercury to its boilingimint in air for a long time. 

Eepeat E.iporiiucnt III,, using thi.s red powder (burnt mer- 
cury) in place of red lead, and heating, in a tube of hayd ijh,is. 
Apply the, tost of^a smouldering chip of wood to the gas that 
copies off ; so far as tliis test can tell you, the gas is the .same 
a# that you obtained from red load, Notice the mercury that 
suhlnjies in the tube wherein you have heated the burnt mer- 
cury. Prove that the tube and its contents weigh less after 
heating than the tube with the burnt mercury iu it weighed 
before heating. 

In this i\q>i'r{ment ire have another jiroces.', of breaking up ; 
thr^iurntimercurii is broken up Igj heal into vicrcury, 
and a colourless gas ealled o.i i/geii. 

Experinumts I. and II. of this Ics.soii are illustrations of pro- 
cesses of building up ; Experiments III. and IF. arc illustrations 
of prooGs.ses of breaking up. 

Compounds are those uot-mixtures which have been broken 
up into two or more unlUve constituents ; compounds are gene- 
rally capable of combining with other not-mixtures to form more 
complex compounds. ij 

Elements are those not-m?^tures which have not been broken 
up into unlike parts or consiituents ; elements combine with 
other not-mktnros to form compounds. 
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LESSON VI 

EXEKOISES on the two liINDS OF CHEMICAL OHANQE WHICH 
THOSE SUBSTANCES THAT AR]|^NOT-MIXTUltES MAY UNDEEQO 

Apparatus required . — Two thCi earthenware crucibles, about 
2^ inches deep. Two stirrers of stout iron wire. Two pill-boxes 
with lids 1 small shot ; tinfoil. 

The solids A and B, w'hioh are not-mixtures, both undergo 
chemical change when they afe heated in the air ; find out, as 
conclusively as you can, whether the change which each undergoes 
is a process of breaking lya or building up. 

The experimcnlsi which can bo mado at this staKo^vill not suffice fqy a 
poi'feotly conclusive solution of this problem. 

Begm by heating a little of each substance in a small •thin 
earthenware crucible, about 00 mm. (2s inches) deep. Note what 
you see ; bring a lighted taper, and then a smouldering slip of 
wood, near the surface of each substance after the cijicible is red 
hot (see Sxperwient I,, Lesson II., where a lighted taper was 
used as a test for the gas produced by pouring tydrochloric acid 
on to marble ; and Experiment III., Lesson V., where a smoul- 
dering chip of wood was used as a test for oxygen). 

Then placff a little of A (about 6 grams) in a thin earthen- 
ware crucible, about 2V inches deep, with a stirrer made of a 
piece' of stout iron wire; counterpoise; heat for 10 or* 15 
minutes, stirring now and again, taking great care that nothing 
is lost by the process ; note what visibhi change occurs ; let cool, 
and oounterpoi.se again. 

Then perform a similar experiif’ent with about 6 grams of B. 

"Write out an account of your Results, and indicate the conclu- 
sions you draw from these results. 
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LESSON vir 

ItUSTINO OP lUQN. ItUUNINO OF 1‘HOHl'HOUUS. METHODS OP 
INVE!?TIGAT1NG C>*r,MIOAri CIlANtiES 

i 

Api-ianitiit and inaicrhfls n'liuui-d.—Cli'an iron lilings.' 
Phoapliorus, Lime water. PrecipitatoLl oxidi- o[ uii-rcury dried 
at 100°. Piece of stout copper wire altoiit IK iiudie.s long, 
lifusliii. Earthenware trough. Qlas.s jar about G inches high 
by IJ inch diameter, liloasurkg vessel graduated in .j’,-,th c.c. 
Two dry tost-tulios, with caoutchouc cork to fit; dry test-tuljc of 
hard gla.ss, fitted with good cork and exit-tube, to collect ga.s over 
water. Tapers.^ Spliuts of wood. Pile. 

* • Experiment 1 — Iron ruata ndicn ii is kept in moist air; 
what chemical chamjc occurs I Is the I'ust composed of iron and 
soniSthing else ; or is the iron separated, in the process of i usiiwj, 
into unlike constituents, of which rust is one ? 

To find^answers to these questions you must allow iron filings 
to rust in arportion of air cut oft' from the gonornl atmosphere, 
and under conijitious such as shall enalile you to determine 
yhether"'^ny air disappear.s during the rusting process, and if 
any air disappears, what proportion tlie volume of air that dis- 
appears hears to the total volume of the air wheftin the 
rusting has taken place ; you must also be able to exa- 
irnne the properties of the air that remains wlien the 
experiment is fini.shed. 

Prom a piece of fairly stout copper wire make a 
little stand of the shape shcwvn in figure 11 ; the stand 
should be about 125 mm. t;ahout 5 inches) high ; the twisted 

' Iron fllings may be eb-auetl by'\<imiovHliig lUom for a Hbort Imio in ailntea 
snlplmrio or liyilroclilurio mlj, then wanliliig reiieatcjly and tiuiebly in tunning 
water, ivnij ili-j-iiig by pree'.mg in enbeo. 
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part, which selves as a support, should be not more than .SO 
luiu. (say inch) across. Put about a test-tubcful of clcau 
iron filings into a little muslin bag, and wet the filings thoi^owjhly, 
by keeping the bag beneath water far about five mimitas, and 
pressing it several times with the fingers ; support the bag on 
the hook of the little stand, place the stand in a flat earthenwara 
trough, and cover it with a small glass jar about ICO mm. high 
and about 4C min. diameter (about (J iuclies 
inohi ; pour waior'^ into the trpugh 
to the deptULof about 2S min. ( 1 inch), and, 
by inclining 'tE'o jar to one sMe, allow the 
water to enter the jar so that the level of 
the water inside the jar is the same as the 
level outside (see figure 12). Make a slight 
scratch with a file on the outside of the jar at the level of the 
water ; and sot tho whole apparatus aside until next day. (See 
Lesson VTTL) 

Experiment II . — What change occurs when jhosphoms burns 
in air i Is the burnt phosphorus composed of phosphorus and 
something else ? Does the 2 >hosplwrus withdraw anything front 
the air in which it burns ? ' 

In Experiment I., Lesson F., you found that while magnesium 
burnt in air it probably laid hold of and combined w^tli the air, 
or something in the air. The process that occurs when phos- 
phorus burns in air may be like the burning of j, magnesium ; if 
the processes are similar, then burning phosphorus prol5tfoly com- 
bines with a portion of the air that surrounds it, or with some 
constituent of the surrounding air. You must endeavour to find 
out whether or not a change of that kind takes place. 

Cuit three small pieces of pho.sphorus, each about 8 mm. 
(^th inch) sqnai'e ; dry the phosphorus by pressing the pieces 
'Very peaffy between filter paper, and at g^ice put them into a dry 
test-tube, and close the tube firmly by a good caoutchouc cork. 

You must be very careful in mndling pihosphorus, as it is 
an extremely inflammable sihstance, ami burns caused by 
phosphorus are hard to heal. Always keep phosphorus 
under water, and cut it under water. 
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iMtilio a rnij iHijht inarlc, with a file, on t)io outsulo of the 
tube opposite the imior end of the cork. Hold the tube, in a test- ' 
tubo hoJflGi', in a slightly slanting position, and heat tho part of the 
tube where the phosjihorus is very ijeMhj over a low flame, jmtil 
the phosphorus just begins to hunt (see figure l.S) ; then remove tho 
lliflne, and at onco turn the tuljo so that tho 
corked end points nearly downward.s. When 
tho pho.sphorua cea.ses to burn bring the 
tube .back to its original positimi ; heat the 
.part where tho phosphorus i.s gently for a „ 
fow momenta, and shako tl?o pho.sphorus 
about in the tubo (turning the closed end 

of tho tubo downwards). Repeat this iiro- 

cess of heating tho phosphorus slightly, and 
turning the tube about ,so that all tho air izi it may bo brought 
into contact with tho glowing phosphorus. But take rare that 
the phosphorus is hcateil only slightly, and never for more than 
a few niomcuts at a time-, as, if you heat too much or too long 
tho cork may bo'blown out of the tube, and tho burning phos- 
’pliorus may get on to your hands. Also take rare that the, 
glowing phosphorus does not come into contact with the cork. 

^ow let the tube get quite cold ; then plunge the (worked end 
under distilled water in a basin, and gently withdraw the cork, 
taking carq, that the mouth of the tube is under the water all 
tho time. Water rushes into the tube. Shake the tube slightly 
(see that the mouth is kept under tho water while you do this) ; 
then deplws the tubo until tho level of the water outside is tho 
aanie as the level iiiBido, and close the mouth of tho tube firmly, 
under tho water, Asith the thumb. Kevor.so the tube, kcoping tho 
thumb pressed firmly on to the mouth, and murk the level of tho 
water in tho tube by making a slight scratch on tho tube with a 
tile. Light a small taper, or a thin chip of rvood ; romovo the 
thumb, and plunge the -lighted taper into tho tube ; the taper 
goes out. At once Avithdrav* the taper and pour some clear limo 
water into the tube ; tho linf;' water remama clear. 

Now determine, with the'^elp of a narrow voBsel graduated 
in xVliis of a c.o., (i.) the volume of the water required to fill 
the tube to -the mark Avhicb indicates the position occupied by the 
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inner end of tlie cork when the phosphorus was burnt in 
the tube, and (ii.) the volume of the water which rushed into the 
tube when the cork was withdrawn : (i.) expresses the vpluino of 
the air that was in the tube when the burning began, and (ii.) 
expresses tlio volmuo of the air, or the constituent of the air," 
that was removed by tlie phosphorus while it burnt, " 

If your a.rpcrimcnt is done carefully it shows that about 
onc-fifih of the volume of the air orujinally in the tube 
was removed by the burning p/iosjj/iojfis.' The exparpnent 
also shoivs that the air lift in the tube tuheti the biirnimjf. 
was finished, which air anSyunted to abouf four-fifths of 
the original volume of air, was not common air, neither 
was it oxygen (compare Experiment III., Lesson F.), 
neither was it the air or gas produeed by the reaction of 
hydrochloric acid arul imrble (compare Experiment I., B, 
Lesson II.). 

Your experiments on«heating lead in air {Experiment II,, 
Lesson 7,), and strongly heating red lead l^xpcriment III,, 
Le.ssoJi F.), which is itself the product of roasting lead iii a 
current of ah, made it very probable that the change of lead So 
red lead consists in thewithdraw'al of oxygen from the ah by the 
hot lead. If the change that takes place when phosphorus is 
burnt in ah is similar to the change which occurs when lead is 
burnt in air, then the burning phosphorus prohab|y withdraws 
oxygen from the ah ; if this is what occurs, yon might expect 
that common air would he re-formed by adding to tU^ gas that 
remains wlien phosphorus has burnt in an enclosed quantity bf 
air, a volume of oxygen equal to the volume of the ah, or 'gas, 
that has disappeared during the burning. Let us try whether 
this guess is correct or not. 

^ C 

Experiment III. — Bopeat Experiment II., using another dry 
test-tube ; but when yoir have remove^ the cork from the tube 
standing mouth downwards under irater in a basin (you need not 
put distilled Avater in the basin |n this experiment, nor need 
you mark the space occupied by cork inside the tube), then, 
instead of placing the thumb over the mouth of the tube and 
reversing it, hold the tube with its month under .water in the 



fX. Ill 


EKKNINO OP PHOSl'HORU.S 


31 


left band, wliilo you fill anntlier simifar tost-tiibc with tfio water 
in the basin and you roverse this tube in the water. Now bring 
the two tubes elose alongside one another ; then slowly depress 
the closed end of the tube that contains gtis 
Avhilo you keep the mouths of tho tubes in 
sucii a iiosition that tho gas passes from 
tho tube in which Ihe phosphorus was 
burflt and nsconds, bubble by bubble, into 
tbo other tube (sbo^figuro 14). Transfer 
Jho whole of the gas, in this wsiy', to the 
second tube, taking care that nflno escapes ; 
then suppiort the tube with the gas iu it, by a wooden eliimp, 
with its mouth still under the water iu tlu' hiism. 

The transferenee of the gas is effcctod for tho pnvpo.so of 
separating it from the .small pieces of phosphorus that ro- 
niain when tho Inirmng is finished ; if any phosphorus is 
left in tho tube, luiniing may begin again when oxygen is 
passed into tho tube in the next*part of the experiment. 

.Now ifrnuige "a dry test-tube of hard glass containing a 
little burnt mercury (oxide of mercury) ' with a cork and delivery- 
tu\)e„as shown iu ligure 15, supporting the tube in a clamp ; 
heat fhe lower end of the 
tube, at first gently, and 
after a few minutes more 
strongly, wten the heating 
has been continued for some 
minutes bi^ug a smoulder- 
ing chip of wood close to 

the open end ot llie do- 

livory-tubo ; if the wood at ^ 

ones bursts into flame you may take it that all tho ah’ is 
driven out of tbo apparatus and that oxygen is being given 
off ; but if the wood does jjiot at once burn brightly, continue to 
heat tho tube until another ]|iccc of smouldering wood bursts 
into flame as soon as it is broilght close to the open end of tho 

1 yellow oxide of morcury, propi^pd by precipitation and dried at 100^, 
Bhoiiltl bo ubod, as oxygen iq {^lvqii off at a lower fcempflrtttnro from tbis than 
from tho rod, ciy^itallino oxido. 
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exit-tul?G. When oxygen'is coming off freely bring the end of 
the tube from which oxygen is issuing under the test-tube that 
contains the gas which was left when the phosphorus was burnt 
in air, which tube is standing mouth downwards in water, con- 
ibming to heat the tube that contains the oxide of mercury as 
you are doing this. Let the oxygen bubble into the test<tube 
until the tube is filled with the gas ; then remove the apparatus 
that is supplying oxygen, slip the same caoutchouc cork ^oh 
you used m the first part of the experiment ihto the tube stand- 
ing mouth downwards in the*water, and shake the tube sever|l 
times. Get ready a smouldering^bhip of wood, afid have a very 
small taper, or a very thin slip of wood, by your side ready to be 
lighted. Eemove the caoutchouc cork, and at once plunge the 
smouldering wood into the tube ; the wood behaves as it does in 
ordinary ah'. Quickly withdraw the wood, and at once bring the 
very small lighted taper, or the thin slip of wood burning freely, 
a little way into the tube ; the taper burns as it did before yon 
put it mto the tube. * 

The results of this experiment tend to •confirm"' the guess 
made at the end of last experiment ; namely, that ordinary a*r 
would be produced by adding to the gas that remained .wlien 
phosphorus had burnt in an enclosed volume of air Enough 
oxygen to bring back the total volume to that of the air which 
surrmmded the phosphorus before burning began. 

The results of Experiments II. and III, midioate that 
ordinary air is formed by mixing one-^volume of oxygen 
loith four volumes of the gas, or air, that 7-^iTiams when 
phosphorus is burnt in an enclosed guanUty of air. 

Assuming this conclusion to be accurate — it is not completely 
proved by your experiments — common air scorns to consist of 
twef gases, present in the proportion of (about) one voluma of a 
gas wherein a burning taper, or a glowing shp of wood, burns 
very brilliantly, and (about) four volijmes of a gas which stops 
the burning of a lighted taper, and which does not produce any 
solid matter when shaken with lifne water. 

The gas which forms aboi^ one-fifth of common ah’, by 
volume, is, as you know, callda oxyge^i ; the other gas, which 
forms about four-fifths of air, by volume, is called, 7 utro^e?i. 
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lleealliug the fiictn that (i.) a burning taper burns vory\irigbfcly 
in oxygen (E.i'pei imeutu Jfl. i(iid IV., Lesson V.), (ii.) a burning 
taper is oxlingnii^tiei'l in nitrogen, and (iii.) a burning taper burns 
in tho ga* pro])tu'ed by mixing four volumes of nitrogen with one 
j^olunu) of oxygen neither nioro nor loss brightly than it burns 
in !>ir, you may conclude, iiroviHioniilly, that oxygen and nitrogen 
retain thoir distinctive i)roportius in air, and that nir is probably 
a inKturo, not a compound, of theso gases. 
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BtrSTING- OF lEON — COntUlUCd. MlBl’AltAl’ION OF OXYOBN, '^AND 

EXASIINATION OF SOME OP THE I'iiOl’EHfSIES OF THIS GAS 

, r 

Apparatus and materials required . — Two pieces of stout 
copper wire, eacli about 12 inches long ; some thin copper wire. 
Gleaji iron filings. Muslin. Eartlionware trough. Small earthen- 
ware tray. Glass tube about 7 inches long by 1 inch diameter. 
Measuring vessel dhiclod into o.c. Measuring tape. Four thin 
glass jars about C inches high by 3 inches diameter. Hard glass 
tube, with cork and exit-tube, to collect gas over water. Thin card- 
board. Two ddlagralii^g spoons. Tapers. Dry chlorate of 
potassium and black o.xido of inunganese. b’iilpliur. ' Charcoal. 
Magnosium ribbon, tdodiuiu. Bed and blue litmus solution; 

Experiment I. — Gontimiation of the cxpciiment on th* just- 
ing of iron hegim in last lesson. 

Turn back to tho experiment on the rusting of iron which 
you began in the last lesson. ^ 

The water has risen in the jar containii^ tho rusting non 
and air. Pour water into the earthenware disli mitibthe level of 
tho water outside is the same as tho level inside tho jar, and 
make a slight scratch with a tile on the outside of the jar at the 
level of the -water, kleaaure tho iliatanco from tho scratch to the 
closed end of the jar ; and then measure the di.stanco fronj tho 
scratch to tho mark you made on the jar in the last lesson to 
indicate the level of the water at tho hggmning of tho-oxperiment. 
You find that about ono-fifth ofpthe volume of air originally in 
the jar has disappeared. 

Experiment II. of Lesson VII. indicated that phosphorus 
burning in an enclosed volume of air removes a constituent of 
tho air which is present to the amount of about pne -fifth of the 
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wliolo volunio of nil' Mhoroin thu pluiqiborua is burnt, iiiul tluit 
the four-fifths which runuiiu of tlic originiil miIuiuc of iiir consist 
of unot^er gus tluit extiuguishes a burning huier. 

Tlio reaultB of tliu present experiment, so far as that experi- 
ment has gone, ishow a ilistinot reseiublanci) to the results 
obfKiineil by burning pliospborus in air. Wo must uxaniinu thi.s 
resembbinci) nioro fully. And first of ull we must find out wlietber 
moist iron is able to withdraw aii) thing from the gus that re- 
main^ in the jar xvtieroiu tbo ru.sting process lias gono on, or 
(Whotber that gas is without aeti3n on moist iron. 

It will ho 'necessary to di^cuut tho gas, or air, from the jar 
into another vessel in which you have pl.icud a fresh quantity of 
moist iron. 

Make a small stand of fairly stout copper wire, like that in 
the jar, hut of such a sisu that it«wiU go easily into a test-tuho 
'iihmvt 175 mm. long and. 115 nnn. diameter (7x1 inch); the 
height of the stand bluuild be rather ^ess than tho length of tho 
tcst-tnhe,_ Put about liiilf a test-tuhefulot dcuit iron filings into 
a muslin hag, aiul soak tliu hag thoroHijhhj in water for about 
<lvo minutes, S(pa'esmg the hag with tho lingers several times 
mnkr water to get all tlio air Imbhles out of tho material. ILing 
the Gag on tho hook of tho stand, cover tho stand with a test- 
tuho about 175 mm. long by 25 ram. diameter (7 x 1 incli), iiuert 
tlio tul)o wi^ tho stand in it, and till tho tulie v. ith nater. Now 
cover tho intJuth of tlio tube with a slip of Ui!n e.irdlio.iul, taking 
care tluit no buljldes of air remain in the tulie ; pre.s.s the card- 
hgard lirfu^y on to tlio mouth of the tube by tho thumb, invert 
the tube, bring it mouth downw.ird.s under tho water in tho 
earthenware trough whoroin tho jar with tho rusted iron in it is 
standing, remove tho cardboard, and secure tho tube by a wooden 
clamp. Now pour water into tho earthenware trough unlil it 
is liearly full. Very cautiously raise tho test-tube with tho iron 
in it until Iho mouth of Uio tube is only a little way under tho 
water, but he certain that nojiir gets into the tithe ; and move 
the tube, held in the clump, near to one side of the earthenware 
trough. Now move tho jar wherein the process of rusting has 
gone on (always koephig it mouth downwards under water) to 
such a distaneo from thu inverted test-tuho that when you dopre.ss 
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the closed end of the jar the gas iu the jar will osoaxie and 
bubble up into the iiivertod tcst-tubo. This ^)art of the opera- 
tion viiist La dune very carefully and slowly (see lieuro 1(1). 

Allow the gas to pass irom the 
jar into the tuat-tubo until the 
level of the water iuaido the tube 
is the same as tho level outside, 
when the nioutli of the tubS is 
kept a very l»ttfo way under the 
water hi the trough ; then turn,, 
the ^ar mouth' dow^iwards under 
water, and move it to one side of 
tho trough. 

Slip) a small earthenware tray under the mouth of the tube 
with the moist iron hi it ; pilncs one hand on tho top of the tube, 
and with tho other hand I'eiuovo tho tray, with the tube standing 
nioiith downward, s under water in the tray, and sot aside until 
tho next day (see Lesson 2X.) 

If Ihcro is any giis loft iu tho jar it wifi bo advisable- to 
oxamino it by the lighted taper tost ; for this p)uriioso slip a pidcr 
of tbhi eai'dl)oard undor tho mouth of tlio jar, prc.ss the card- 
board firmly against the jar with the lingers, romuve tho jai^ from 
tho water, invert it, light a taper, remove tho cardboard, and at onco 
phmge the lighted taper into tho g'as in tho jar : the ti^ior goes out. 

The (jas left in the vessel wherein iron hegs rusted ex- 
iimjuishes a liylited taper, and in this ■•i'es])ect it behaves 
in the same way as the gas which remained \v\cn phqs- 
plan us had burnt in air. (Sco forward, Experiment I,, 
Lcsson'IX.) 

Now niako more accurate measiiromont,s than those made at 
tho bogiuning of this exporimont of tho volumo of air in»tho 
jar when tho rusting piroces.s began, and tho volume of air, or 
gas, that was left in the jar when Uie process was stopped ; 
using a narrow vessel graduiitcd tt^p’^ths of a o.c. for measuring 
the water. (Tho marks you cut on tho jar will enable you to 
make the meaauromeuls that are necessary.) The result is that 
approximately oue-lifth of tho original volume of air has been 
removed by^the rusting iron. 
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Experiment II, — Vreiyamtion of oxygen aniZ examination of 
e:nme, properties of this gas. 


rri'd'iiinf' nxprrimonts liave ahown that air contains at least 
two (liiTorcnt gases, in one of wiiich— nri/i/ra — a hurning taper 
linrna very brightly and a sinonliloring chip of wood hursts into 
thune, rvliilo the ntlior — nitrogen — oxtiiignishes a burning taper 
plugged into it. Your exporinients have also niado it very 
probable that when lead is heated in air the load slowly combines 
with tixygen in the air {Experivinits II. and ITT., Lesson T7), 
%hat when phqpphorus is huriyi in air tho phosphorus combines 
with oxygon in tho air {Epe.riinent II., Lesson VII.], and that 
tho rusting of moist iron in air consists in tho combinalinn 
of the iron with oxygiui in tho air (E.riKr intent hesson 
VIII). 

It is advisaldo to proparo thT.s ga.s, oxygon, whicli play.s on 
important a part in processes of combustion, and to bocomo 
acqniiintcd with some of its properties# 

Tho suhstanew from which small rpinntitics of oxygon were 
jirraparod in Lesson V. were themselves produced by heating 
nretals, namely lead and mercury, in air. Tlioro are .several 


othoiii substances formed liy roasting metals in air from which 
oxygen can bo obtained by the action of heat ; hut oxygon is 
most easily prepared liy 


heating a compound called 
jtotassium chlorate, inixial 
with FoiiK^ hlacit o.eide of 
mvnganose.. 

Make a mixture of about 
throe parts dry powdered . 
potassium chlonito with one „ 
part dry powdorodmanganese rni 17 

Oxide.' Fit a test-tulio of hard glass with a good cork carrying 
an exit-tube as shown in figjjro 17, and fill tho tube to aliout 
one-third with tho mixture of potassium chlorate and mangam^so 



^ A. vnrij .wiaJl qvantii?/ ot tliia iniv:t,uro Rhoiibl bo boabid in a tn^t-tubo to 
dotoriniiifi wbctlior uxygtMi com^'H oR (jiiiotly; iirinj»ini»“'ii* oxiibi ir sunn tinioT 
ailultor.iioil with c.uhoniift’OUH hin*h is i xtionioly 

flaiv'f'rouH if mahm':' oxy-^cii. 
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oxide. Arrange the test-tube in a clamp ’ with tbe end of the 
Lxit-tnbe dipping under water in an earthenware dish, as shown 
in fignro 18. Ooinpletoly fill with water four jars mado^of thin 
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glass, each about 150 mm. high and 75 nun. diameter (about 
0x8 inches) ; cover the mouths of the jar.s with pieces of card- 
hoard, invert the jnrs in the water in the earthenware dish, 
taldng care that air does not enter the jars, and remove the* 
cardboards. 

Now heat the tube containing the mixture of potassium 
chlorate and manganese oxide, beginnijig with the upper part of 
the tube (taking care not to char the corlc), and waving the flame 
under and around the tube ; if the tube is heated r»pidly at one 
part it will probably crack. When the tube hg,3 been gradually 
raised towards red heat, by moving the flame about add now and 
again allowing it to play on one part of the tube for a moment, 
lower the flame somewhat and let it heat the upper layers of the 
mixture. Bubbles of gas will soon be scon rising through the 
watch in the di.sh ; wlicn gas is coming off pretty freely nwve 
one of the jars over the end of the delivery tube, and hold it 
there till it is filled with the gas ; thqji remove the Jar, reverse 
it, and cover its mouth with a piete of cardboard, on which you 
had better place some fairly heavy substance to prevent the 
cardboard being blown away. Fill the other three jars, in 


1 If a claiii]) iH jint at Imiul tho tul»o may bo laid acroRs a tripod ono foot of 
wbicli iH pliioetl on a block of wood, bo Unit ono side of tbe tripnd4H tiltod iipwardB. 
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succession, in the sjune w.iy; tlien roinovo tho (lelivAy fcubu 
from tho water, and lastly talco away tho Bunsen lamp from • 
heneath the tuhn ooutnining tho mixture : it tho lamp is removed 
while th^ end of tlu^ delivery tuho is under tho water, the water 
.will probably run hack into tiio tube and craok it. 

Noto, — Tn lining iho jar.s with oxygen caro must Im talton to 
miT^o the I’limsc'u burner gradually towards the lower end of tho 
tuli(>, .so that fresh portions of the mixture of potassium chlorate 
and raangunese oxidS may bo acted on by the licat. 

• 

riaeo a littlo poxvderod anl^^dmr in a della, grating spoon, sot 
firn to tho sulphur bj' holding tliolaiwlof thospoonin thellameof 
a Ilnnson lamp, and pliuigo the burning snlphur into one of tho 
jars of oxygon. Uescrilio what you aci>. When the Imniing is 
finished pour some di.'itillcd watci; into tho jar, .shako vigorously, 
cover the jar with a glass plate or a piece of oardiioard, label it 
‘ sulphur,’ and sot it aside. 

I'kistoii throe nr four thin slips of tdiarcoal to a stout copper 
wire, usin’g thinner copper wire for fastening tho charcoal ; set 
firO to tho charcoal in a rumBcn tlamo, and at once bring it 
into tho second bottle of oxygen. Poserihe what you sec. ^Yhcn 
the bflrning is liiiishcd pour some disiilh'il water into tho jar, ami 
sot it aside, after shaking thoroughly, covering tho jar, and label- 
ling it ‘ carbon.’ 

Sot firo^o a piece of magnesium rihlmii, hold in crnciblo 
tongs, and bring ^thc tip of tho Imrniug magnesium into a jar 
of oxygen ,■> coinl)ii.stioii procei ds rapidly, and lirilli.antly white 
light is given out. When the Imriiing is linisbcd pour some, 
distilled water into tho jar, shako well, cover, labtd • magnosium,’ 
.and sot aside. 

J3ut a little piece of sodium from the inside of a lump,' put it 
into a clean dellngratiiig spoon, heat llio bowl of the spoon in a 
Bunsen tlamo until the sodium molts and hogins to hum (a liigh 
temperature, and heating for* some minutes, will bo ro(piired), 
and at onco plunge tho spoon into tho fourth jar of oxygon. 
Doscriho what you see. Wlien comlmstioii is completed shako 

^ In handling potlnnn i.ilci* o.ivfi ih.it your am i|\nln dry ; 'indium rnacti'? 

\i(»h*ntly witli 
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the spofin vigorously, so that any burnt sodium adliering to it 
may fall into the jar ; then pour distilled water into the jnr, 
shako up, oovor, label ‘ sodium,’ and sot aside. 

The substance burnt in each of those processes of com- 
bustion in oxygen was an clement ; the products of the burnings, 
are compounds of the elements sulphur, carbon, magnesium, And 
sodium, with oxygen ; these compounds arc called oxides (oxide 
of carbon, oxide of sulphur, &c.). * 

The oxides of carbon and sulphur produced in the com- 
bustions are gases ; the oxidesn of magnesium and sodium arq 
solids. Oxide of magnesium dissolves only sli^tly in water ; 
the other three oxides dissolve easily in water. 

Now turn back to the four jars eontauiing solutions in water 
of the oxides formed in the combustions ; only a small quantity 
of the magnesium oxide will Ipive dissolved in the water. Pour 
a little of the solution of the oxide of sulphur into a clcn7i test- 
tube, and add a few drops of red litmu.s solution ; to another 
small quantity of the solvfiion of the same oxide add a little blue 
litmus solution. Note the visible results. Jlalce two similar 
experiments \vith etich of the other three solutions of oxides f 
and note the results. ’ 

Arrange your results in the following form ; 

Solution in water of Oxido of 

Sulxihiir Carbon Magmsiv^i Sodhim 
Effect on rod litmus — — _ — __ 

.1 ,, l)llIQ ,, — — ^ — 

r 

The four oxides fall into two classes, as regards the visible 
action of aqueous solutions of them on litmus solution. Wo 
shall learn more about these two olnssos of oxides in Lesson XI., 
and in subsequent lessons. ^ 
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LESSON IX 

lUHTiNO OP IRON — comludril. prp.i'arition and koaie pro- 
l’i:WTIF,K of the \!AH PIlonilf'En ISV niriSOLVlNO IRON, 7;IN0, 
OR MAGNESIUM IN DIEUTED SUUlTIURId OR II VnitOClILOUIO 
AOID. METHODS OF INVESTIG Vl’lNG Ulll'.MICMj niANGEH. 

Appiirntu.t and vmtcridh n'liiiiK'd. — Fliisk, about 8 on., with 
caoutchouc cork, funnel tiibo, .ind cxit-tubo to colloet j'as over 
water, ]!liirtli('nw,n.n' trough, a,nil<tluvc iiiuiill truys. Four thin 
glass jars : three about (! by :) inclie^, and one rather .smaller. 
GIran iroulilings. Onmulate'd nine. Magnesium ribbon. Tapcr.s. 
Lime water. Sulphuric acid diluted with ten times its volumo 
of water. Ilydrocldoric acid diluted with three time.s its volumo 

o< water. 

% 

Ej^eriment I . — Cnnchision of the c.ipcrimtnt on the rusting 
of iron begun hi Lesson YII. and continued in Lesson VII T. 

Turn bac|t to the esporiment on the rusting of iron which 
you carried tijits second stage in the lust lesson (see p. 30). 

An oxaminati(\ji of the appar.rtus you .set aside will show that 
thijrc has Ifeen no change in tlio level of the xvater in the tube ; 
that is to say, the process of the withdrawal from the air of a 
constituent of the air, hy the rusting iron, was completed in the 
fir.st stage of your experiment, and the gas which remained w'hen 
the ftir-constituent in qiH'.stion was withdrawn has not entered 
into combination with the fresh (jnantity of moist iron. 

Now withdraw tlie littki stand, with the hag containing tho 
iron filings, from the test-tiihe;*withont lotting air into the tube ; 
I, big cun be done by moving tho littlo tray, with tho tube month 
downwards in it, into an earthonwaro trough which is filhal 
with w'ater, thou holding tho tuho nearly horizontally imdor 
tlie w'ater in t4io trough, and gradually drawing out the stand. 
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Cover tKe mouth of the tube, under the water, with a piece of 
thin cardboard, reverse the tube, and plunge a small lighted 
taper into it ; the taper goes out. At oiica withdraw the taper, 
pour a little clear lime water into tho tube, and shake ; the lime 
water remains clear. 

These results are in keeping with those obtained in Exiicri- 
mmt II. of Lesson 7IL, wherein it was' shown that the gas 
which remains when burning phosphorus has withdrawn oxygon 
from the air extinguishes a burning tape*’ and has no visible 
effect on lime water. Examinerthe iron in the little mushn bag ; 
it has not rusted. 

Now write out a full account of your cxperimeiits 07i tho 
rusting of hmt, and the hurning of phosphorus, in air, 
and state clearly what conclusknis you draio from the re- 
sults ohtainad. 

Experiment TL.—Preparation, and some properties, of the 
gas that is given off whe.if-r-inc, magnesium, or iron dissolves in 
diluted sul 2 diuric acid, or in diluted hydrochltric acid. 

A. Pour into each of three test-tubes enough diluted sul- 
phuric acid (concentrated acid diluted with about ten times its 
bulk of water) to fill tho tubes to about one-fourth. Into one tube 
drop some clean iron filings, into the second a few thin pieces of 
granulated zinc, and into the third several small pieces of 
luognesium ribbon. Efl’ervesconce takes place in each case (in 
which tube is the effervescence most rapid ?) ; the gases given off' 
arc colourless. When gas has hcen coming off’ for l minute or 
so, bring a lighted taper to the mouth of each tube ; and repeat 
this after the lapse of a short time. Tho gas escaping from the 
tubes talces fire, probably with a slight explosion ; this gas is 
evidently very different from oxygen, nitrogen, or carbon dioside 
(tho gas produced by adding hydrochloric acid to marble). 

B. Eepeat experiment A, but use ^diluted hydrochloric acid 
(about three parts water to ono pau/s cone, acid) in place of diluted 
sulphuric acid. Gas is given off in each tube ; and the gas 
behaves towards a lighted taper like tho gas produced when sul- 
phuric acid was employed. 

C. Fill a test-tube with diluted sulphuric acid (pne part cone. 
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acid to about ten parts water), invert tlie tube in a uraair b.isin 
containing diluted .sulpburic acid, throw a few small thin pieces 
of zinc into tho basin, move the test-tube so that its mouth is 
over tho piocos of zinc, and hold it there until the tube i.s filbid 
with tho gas that is coming olf ; then quickly bring tho tube, 
mouyi downwards, to a Jlunsen tlaine. 'J’bo gas takes lire and 
burns with a scarcely poi'ceptiblo ll.'une. 

Et'pcat the experiment just doscribed, but use clean iron 
lilings in placo of zinc^ the result is tho same as before. 

. , Fill a test-tube with diluted sul^)buric acid, loo.sely wrap soino 
magnesium ribbPn in a little hi? of lilter papi-r, put this into the 
tube, close tho mouth of tho tube with the thumb, and at oner. 
invert the tube in a basin containing diluted .sulphuric acid. 
Clas soon begins to come off (^\ben the aeid has pcnetr.ited the 
paper) ; let the tulie got lilled witli,thia gas, and then sot fire to 
tho. gas as you did Iiefore. Tho result is the same asi boforo. 

The gaR 2‘rni]i(ccd hi/ (he. teaclum of ,:iiic with diluted sul- 
idiuria acid sccmh to he the. sufiic, as the gas produced 

. when iron, o* magnesitim, is used in place of zinc. 

• 'Exact experiments have proved that the gas is the .same. 

1 ). llcpeat experiment 0 , but use diluted hydrocljloric acid 
(about* three parts water to ouo part cone. acid). Note the 
results. 

The. gas produced hy the interaction of zinc and diluted 
hydrockloric acid seems to he the same as the gas prod need 
when iron, or magnesium, is used in place of zinc. Exact 
oxperfmouts liave proved that the gas is the same. 

I’ulling together the icsnlls of si, B, (J, and D, of this c.t- 
periment, you seem justijicd in concluding, provisionally, 
that the gas produced irhen zinc reacts with diluted .snl- 
2)huric acid is the same as the gas which is given ojf when 
iron, or magnesium, reacts with that acid ; and that the. 
same' gas is formed iphen any one of these metals internets 
with diluted sulphuric a*jid. 

Extended and exact observations have justilied this conclu- 
sion. 

E. We shall now prepare on a larger scale the gas produced 
by tho roactiomof zinc, magnesium, or iron with diluted .sulnbiiric 
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or hydrochloric acid, and make ourselves acquainted with some 
of its properties. It will be convenient to prepare the gas by the 
interaction of zinc and diluted anlphuric acid. 

Arrange an apparatus as shown in figure 19 ; let the'flask A bo 
about 250 c.o. (about 8 oz.) capacity. Put water into the earthen 

ware trough used in colloeting 
oxygen ; fill with w'ater three 
thin glass jars like those"''used 
in the e-xperiments with oxy- 
gen, and invert them in the , 
water in the '’trough. Pour 
several tcst-tubesful of w'ator - 
into the flask, then incline it 
to one side and slip into it, 
cautiously, about 20 grains 
(say half a test-tubeful) of 
granulated zinc ; put the cork 
with its tubes into tlie flask, 
and pour'' dilutod sulphuric 
acid (about ten parts water to one part cone, acid) through' ther 
funnel tube, a little at a time, until after shaking and waiting 
for a few moments gas is given off pretty freely. '\Vhen gas has 
been coming off for some minutes bring the end of the delivery 
tube under the water in the earthenware trough^ and hold a 
test-tube tilled with water over the delivery tube ; ■as soon as the 
test-tube is filled with the gas slip the tliun^b over the mouth 
of the tube, and bring it, mouth downwards, close '’uo a lighted ’ 
Piunsen lamp, and remove the thumb. If the gas in the tube 
ignites with a slight explosion, air is still coming off along witli 
the inflammable gas ; in this case allow tho action to proceed for 
a minute or two, then collect another tubefnl of gas and test»it as 
before. If tho gas in tho tube now ignites without any explosion, 
tho inflammalile gas is free from air. ^ ’’ 

You must not fill the jar,s fvitb tho gas until the whole of 
tho air has been driven out of the apparatus. A mij'tura 
of air and this inflammabla gas is ea'plosii'e and vary 
dangerous : for this reason you must talio cave uot to bring 
a flame near the apparatus while you are ipalcing the gas. 
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Wlifii tlio gas that coinos off ia iiiiito free from air lill the 
three jai-a witli it ; and as each ia filloJ slip a small earthenware 
tray under its mouth, and lift the jar, .standing montli downwards 
in a little water in tho tray, out of the earthenware 
trough (.s’l.’c llgure 20). Tho water in the tray cuts off 
connuunieation between the ga.s in tlu' jar and the 
outer air, and prevents the gas escaping from tho jar. 

Light a lapor ; remove one of the jar.s of the 
iuflamniable gas frank its tray, and, kcvpiuij the jar 
.'»lputh duiuiiwards, bring tho lighted taper near tho 
mouth of the ja\. Tho gas talfhs lire, and hums giiietly with a 
.very slightly luminous flame. Light the taper at tlie Imniiug 
gas, and then push the lighted taper into the jai' ; the taper 
gou.s out. Notice that the gas continues to burn for some little 
time at the mouth of tlic jar. . 

Turn one of the jars of gas mouth upwards, and at oner bring 
a lighted taper near the mouth of the jar ; the gas burns, but 
the llame goe.s out in a bliorler time than tho llume of the gas 
whioh was burnt in the jar held mouth downwards. 

• 'J'h(3 re.sults of these Lui'iiings make it praliuhlo that tho gas 
you are dealing with is lighter than air. I’erfonn an i'X[)eriment 
with tho third jar of the gas to tiy w'hethor this i.s so or not. Hold 
mouth downwards, in the left hand, a thin jar rather smaller 
than one of t^io.se in which you have eolleetod the ga.s ; take tile 
. third jar of th* gas, moutli downwards, in the 
right hand, and biiiig it alongside of, and a 
'littje lower than, tlio smaller jar which is full 
of air ; umv slowly dejiress tlio hettoni of ttie 
jar of the gas, keeping tfie two jars in the 
po.sitions you would place them in if you wero 
poLirkig Bomethiiig from the lower jar (that 
containing tho gas) into the u)iper (see figure 
21). Hohl'tlie jars in .this position for 
about a minute ; thou set the jar which 
contained tho mflammablo ga.s at the beginning of the experi- 
ment mouth dow'uw'ards in one of the small trays. Bring a 
lighted taper to the moutli of the other jar, still held inverted in 
the hand ; thete is a slight explosion, and you notice a pale 
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nearly non-limunous Hame playing round the mouth of the jar. 
Bring tlic taper into the other jar from whioh you have poured 
Ihu inilammablo gas ; tho taper burns quietly as it d(^es in air ; 
the whole of tho inilammablo gas has passed out of this jar. 

Tho behaviour of this gas towards a burning taper is very 
dilibrent from that of oxygen. 

Now write out a clear account of the ])re]iaration of oxygen 
f)Qin ]}otassium chlorate, and the ‘preparation of iho in- 
flammable gas from sine awl clihitcd sulphuric acid; and 
contrast the beliavmvfs of the two gases towards a lighted' 
taper. 
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LESSON X 

KXA^IINATION OF I'llli) OAH I'J{<.ll)UI(i:ii IlY DIHSOIA’INO IKON, 
KINO, OK MAGNKWUAI IN lIlLOTr,!) llVDKOcrflAHtlO 014 HUK- 
riiuKio ACID - continued. Tuktiioos of inykstioatinu 
OUEMICAI i TjHANCSKH * 

A]}i)amtu^ and mutoials nupiurd.—FhiAi, iiljont 8 oz., un'd 
ill liist GxpuriuK'iit. yuuill cloiiii dry lliisk, iilnmt ‘2 ox. PiccL'.s of 
ordiiuiry ghias tuliiii;,' ; picri,' of liijvd luliiiiij ulmut l» inche!; loiiy 
iiiid )j to inch diametor ; piocu of aoft tubiii" aliout J inch 
diaiiulor and IH inoiies loiij,'. U-tidio about (! iiichoa lony and 
i, t(,i { inoii diainotcr. A fow good corks, and a few dry tc.st- 
tulips. Files. fiish to cniilain water. Glass wool, or soft 
t^sl ivstus. Dry calcium chloride. ( ir.uiiilatcd Kinc. Diluted 
aurphurio acid. Dry red lo;id. A little bit of lead. I'icci'S of 
whito*iiaper. Thermomotor. 

Experiment I. — What is inoduccd u'lien the tju:. ijuu are 
c.vaviiniiuj h^hurnt ? 

You haA'O found Gait the gas produced by the interaction of 
zinc and diluted .sulphiuic acid burns in air; you have now to 
di.scovcr what is produced in this burning. If the chemical 
ehaiigo that occur.s when the gas burns in air is similar to tho 
changes that take place when lead and phosplioiiis are burnt, 
and .when iron rusts, in air, then jou would expect tho product 
of tho burning of this gas to ho a compound (or compoimds) of 
tho gas W’ith tho oxygen ol^ the air. 

It is evident that tho gaseproduced by tho reaction of zinc 
and diluted sulphuric acid must be wet ; before burning the gas, 
with the object of finding out what is produced, the gas ought 
to be dried. Tho solid compound called calcium chloride has 
tho property (^ eagerly absorbing and combining with water ; 
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if a atruam of a wet gas, wWch gas is without action on calcium 
chloride, is luisaccl rather slowly through a considerable quantity 
of that compound, the moisture is retained by tho calcium chloride 
and tho gas is dried. 

Eomovo the cork from tho llask used in part B of ExporL 
ment IL, Lesson IX., put a little more granulated zinc and some 
moro diluted sulphuric acid into the llasli, and fit into it a 
caoutchouc cork carrying a fuimol tube, 

I1 and a short oxit-tiiho'' connected with a 

U -tuho- about 160 mm. (6 inches) lon^ , 
and 12 to '18 mm. (1, to ^Jhioh) diameter, 

I 1 and coutainhig small pieces of dry calcium . 

y I I chloride loosely packed in the tube with 

\ I I a little cotton wool between tho calcium 

) y ^ chloride and tho corks of tho tube (see 

- -- ligiiro 22). Tlie cork in that end of the 

U-tnbo which is furthest from tho llask 
■' ufust ho fitted with a straight pioeo of 

glass tubing, about 100 mm. (1 inehos) Idhg, tho 'upper .ond 
of which is narrowed to about l!j mm. (jy inch) diameter (see A 
in figure 22). 

After some minutes — say livo minutes or so — place S. test- 
tube mouth downwards over the narrowed tube from which the 


gas is issuing ; vex// slowly move tho lost-tube upwards, and as 
soon as the end of tho tuho is above tho open end tho esit-tuho 
for the gas at once bring the test-tube, mouth downwards, to a 
Bunsen flame : if the gas in the test-tube takes fife quietly aU ^ 
the air is out of the apparatus ; but if tho gas ignites wit5i a 
slight explosion tho gas that is coming otf is still mixed with air. 
llcpcat this test for the absence of air until you are quite sure 
that air-free <jas is issuing from tho apqMratiis ; then light the 
gas as it issues from the narrowed tube. 

You must on no account briny fi> light near the apparatus 
until you, have made certain that tho whole of the air has 


been driven out. 


Place over the burning gas the shorter end of a piece of glass 
tubing bent as shown in figure 23, and held in a clamp. This 
piece of tubing should be about 460 mm. (about ?8 inches) long 
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mill !-■; Him. ({; inch) ilimuetcr. ItrnpMof n colourle.-ifi liqifiil iimm 
Iona ill till* Inltc and fall into a clc.iii dry tpst-tubu placed uh 
shinvii iii^ihc li^^nro. Wlica yon ha’ic collcidcd about nn eiglitli 
of 11 tcat-lubcful of tliia liquid 
vcinovu flic bent tube, and blow 
nut 41ic llanic. 'I'lio liquid yon 
liavo collected ifl colourless, it 
has *110 smell and nn taste ; it 
seems ^to be water. »A definite 
ijroqiorty of water is that it boils * 
at 100" C. niiTlcr the ordinary 
atmospheric pressure. If the 
colourless, odourless, liquid pro- 
duced by Inirninq the inlimninalde qiis in air boils at this tem- 
perature, that liquid is water. , 

t'antiously fit into Itm test-tnbo that contains the liquid u, 
good cork, bored with a holo for the c.scapo of vapour, and also 
carrying a thcrriunucter thi' bulb of iit’liicli rcuclica about half 
way down the tube. Huppart the tube in a clamp; and limit tlie 
Wqiiid in tlie tulic, by a rciv/ siuitll jidiiie, until it lioils. Notice 
the tliorinomctcr ; tlie mercury ri-.es until it roaches lOO’ and 
then remains steady. 

This ('Xjk'rinwnt proccs that iralrr in /ornn'i/ irhi'n (In: ijits 
by the intenu'tiun of Tine ami ihliitfti Htiljihui'ic 
acid i.f burnt in air after it han been dried. 

Tilt) gas yon h;#\e heen oxamiiiiiig is called hydioijen, liecansQ 
witter is produced wdien it is hiiriit. 

{Some subst'.uicc, nv mili-l.iticcs, iii-.iili:s walci' may Iio iiwdnccil when 
liylieiu'U it, Ijiuiil ill ail'-, wli.il iiiiuiitiiali\« ("qn rimeilts tvoulil be 
lU'i'iliil to iiiove tii.it -natii' is the only product of tlm limning uf ilij 
• hyilrogi'n 111 air ? 

Experiment II.-- T.s the v-a ter that h prodnred when luidraiicn 
burns in air formed by the- niikni of the hydnujen with o.ryyen in 
the air ? 

You found in the last oxporiiiicnt tliat water i.s formed when 
hydrogen burns in air. Former experiments on bnrning.s in air 
showed that Imruing phosphorus and strongly heated lead coin- 
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bine oxy.^'cu in tbo air, and that a similar change occurs 
wlioii iron rusts in air. The products of those ebangas are com- 
pounds of oxygon with tlio element that is burnt (pbospliorus, 
lead, and iron are olomonts) ; hence it is probable, for hydrogen 
also is an element, that water, which i.s produced when hydrogen^ 
burns in air, is a compound of h3'droge!i and oxygen. The object 
of the experiment now to bo performed is to examine this proba- 
bility. ^ 

Before beginning the experiment you must accept the accu- 
racy of the statement that red load, which is made by boating: 
lead in air for a long time, is a Compound of leS-d and oxygen 
only (compare Uxpermmnts II. Mid III., Lesson V.). 

Arrange an apparatus as shown in figure 24. The flask A, 
and the U-tubo B, are those that were employed in the last ex- 
periment; the U-tube is 
connected by a short piece 
of glass tubing with a 
piece of hard glass tubing, 
0, about 160' mm.. (6 
inches) long and 12 to 18 
mm. to inch) dia- 
meter ; the other end of 
this tube of hard glass is 
fitted with a good cork 
carrying a piece of glass 
tubing about 220 mm. (9 inches) long, bent doijnwards as shown 
in the figure (D), and dipping into a small flask, whiDh must he 
clean and dry ; this flask stands in a vessel which contains cold 
■water. 

Bemove the piece of hard tubing, C ; push a small quantity 
of soft asbestos, or glass wool, which has been dried immcdirtoly 
hoforo use by heating it strongly, a little way into the tube ; then 

put in^nongh dry red lead to All 
tBe tube to about one-half (do not 
pack the red lead tightly), and 
follow this by a loose plug of dried 
asbestos or glass wool. By tapping the tube gently cause the red 
lead to spread out, so that tlie hydrogen ■will haw no difficulty 
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ill iKis^iiny: tliron,"li thii tube. Thu tubu hail now the apiKiiiviinco 
hbown in fi;_,niru '2~i. 

Fit Uio tubu eimtainiii" tbu nul loiul into it^ pkcu in thu 
appaviiin.q ; put ;.;r;niuluti'(l zino, into tbu (bisk A, and pimi- diliitud 
aulpliuriu ndd (onu part (‘oiu*. acid to tun jiiirts water) down tbu 
fiiiniul tiilio. After lijdro!,'en Jiaa Iiuun pa'wiii!' tbroiiob tlio 
apjiaratuu for live luinutuH or ko turn thu tubu 1) upwards, and 
tcst'tbu issuin" bydi'ogun to ecu that it is fret' from air, asdiructud 
in tbu last cxpcriuierA. When bydroifuii is cumin}' oil' quitu fruo 
/rom air, hut not till theii, turn tbo tube 0 downwards into tbu 
small llask, aiid begin to buaf tbu tubu which containa tbu red 
li'ud ; beat very gently, moving tbu ilamu from end to und of 
the tube, Homutimusallowinglbullaniu to play on niiu jiart of tbo 
tube for a moniunt or two, and again moving it about around tlio 
whole tube. raise thu»tempuraturu of tbo tube until 

a luiig'tb of at least thruu indiu.s of it is at a red beat. If the 
IiotLiiitij of ilds tuba is not done vi’ri/ ijradnnlhi the fjlass u'ili 
erne!:. Sue that ly’drogon is coming oTf in a fairly rapid stream ; 
and keep tbo stream of hydrogen going, and tbo tube rod hot, for 
fibont twenty ininutu.s, or until at least about an eighth of a tust- 
tubcful of a colourless liquid has collected in tbo little ilaslc. 
Now remove the llumsen lamp, hut do not tnhe the appiirat/is to 
pieces until it is cold. 

Provo that tbo colourless, odourless, liquid that lias collected 
in the flask ?s water, liy determining its lioiling-poiut, us directed 
in E.rpcriment 1.,'if this Le.sson (p. 10). 

, When the apparatus i.s cold reniovo tlio tube containing the 
red load ; .shake out its contents on to a pieco of paper, and 
oxaraino caridully wliat is on the paper ; you notice some small, 
lustrous, nietal-liko, particles among the red lead. Pick out a 
fow»of those' particles, and draw ono of them across a pieDo of 
whito paper ; a mark is left on tho paper. Press a few of the 
particles in a mortar witl^ a pestle ; they are easily llattuned out. 
kraw a pieco of lead acro.ss vv*liitu paper, and jiress tlio lead in a 
mortar with a pestle ; tho lead behaves as tlie luotal-liko particles 
did. 

Lead and water have lieen produced by heating red lead in 
dry hydrogone 
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The, rcftnlta of this e.vj)crmiont show that ivri.tor is a com- 
■IMinul of hijilmjen and oxygen (red lead is iissninod to be a 
compound of lead and oxygen) ; and the results^ confirm 
the conclusion pointed to by Experiment I. of this Lesson, 
that the. water produced by burning hydrogen in air is' 
founed by the combination of the hydrogen with oxijgen 
which is in the surrounding air. 

AsBUining that llie only reaction which oceurawhcji hyflvogcn is passed 
over lieatod red lead (lead oxide) ia the {ofiuntion of water (by the 
union of the hydrogen with the oxygen of the red lead), how woulc(. 
you propose to make use of this inaction for detemitning the weights 
of hydrogen and oxygen which combine to produce a determinato 
weight of water ? 

Note I. — It would be advisable to demonstrate that hydrogen 
and oxygon a.ro obtained by passing an electric current through 
water mixed with some sulphuric acid, and to explain the methods 
and the reasoning wherob;^modiiications of this experiment prove 
that water is composed of liydrogou and oxygen only. 

Note II. — If time permits it is advisable that the studeni;, 
should heat (i.) iron oxide, and (ii.) copper oxide, in a stream ‘of 
dry hydrogen, as dirooted in the experiment with red lead, noting 
the results, and comparing them with those obtained by beating 
red lead (lead oxide) in 'dry hydrogen. If there is not time for 
this, then it would be well to demonstrate the reacti(/iis of heated 
iron and copper oxides with dry hydrogen. 
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LESSON XI 
VKOrKitrn:s oi' oxinns 

Lt'ssou Vni. you pivpart'd fimr oxiili's, tiiid you foimil thut 
Holiiliou.s in 'v/iiter of theso ufide.i oitlifr tunu'il lilue htiauu ivil, 
01' reil litmus bluo. You have now to oMiiuino osidos lalongiuir 
to theso two classes - litiuus-ldneinj; oxides, and lihuus-vcddeu- 
ing oxides— with the oliject of fiudinj; out somuthiii'' about the 
cluin'jes which oeciu’ when an (v^ido of ono kind reacts with an 
oxide of the ulher kind. 

Ajtparatii-^ ami materials required . — Aqueous solutions of 
potassium oxidu and .sulphur trioxidc. Hodium carbonate, 
(imnulated /.ine, lied and bluo litmus .solutions, riatinum wire, 
^finery paper. Taper.s. riecos of calico. Piece of l)hio glass. 

Experiment I . — To examine the clumjc that ueciirs u'hen 
aqueous solutiaiis of qmtassium oxide and sulidtiir irioxide are 
mixed ill certain proqioi tions. 

You ard’.given solutions in water of jioiassium oxide and 
suljdnir Irioxide.. 

To a Ifttle of each .solution in a tesl-tulio add a few drop.s of 
bluo litmus solution ; then to other portions of thu solutions of 
the two oxides add red litmus .solution. Note tho results. Add 
d little powdered sodium earbuuato to soparato portions of tho 
solj^tions of tire two oxides ; if any gas is given off, after adittle 
time hi'ing a lighted taper luair tho mouths of tho tubes and note 
what occufs. Now add i^niio thin pieces of /.iuc to separato por- 
tion, s of the two solutions ; if ’any gas is given oil bring a lighted 
taper near tho mouths of tiro tubes and note thu re,sults. 

Place a cnnplo of test-tubo.sful of the solution of sulphur 
trioxido in a basin, add six or eight droprs (not more') of litmns 
solution, and ihou slowly pour in the solution of potassium o.xide, 
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htirrhuf con^kuitlij, until tlio red colour of llic litmua bocomos 
slightly less rod. Whon thi.s point is roaoliod dilute soniu of tho 
potassium oxide solution with sovoi'iil times its volume of water, 
dip a glass rod into this dilated solution, and transfer a urop of it 
to tho basin, and stir ; proceed in this way until tho colour of- 
tho liquid in the basin is blueish purple, then set tho basin, on 
wire gau2o over a Bimsen lamp and evaporate until froth forms 
freely on the surface of the liquid ; now lower the flame, maTdng 
it as small as you can, and stir the couteiits of tho basin until 
almost the whole of the liquid has di.sappeared and a pasty soli(| 
is left, hut stop tho evaporation Before the solid* becomes quite 
dry. Remove this solid by means of a spatula to a piece 
of clean calico, and press until the solid is dry. Now dissolve 
the solid in w'ater (the pressuig in calico is to remove any hquid 
adhering to tho solid, so that ypu may be sure that the reactions 
which you notice are reactions of tho solid you have prepared, 
and not of something else), and to a small quantity of this solu- 
tion add a drop or two*of blue litmus solution and note the 
result. To another small quantity of tho sofution of the solid 
add a few drops of red litmus solution and note the effect. 'To 
two other portions of the solution of the solid add a few pieces 'of 
zinc and a little sodium carbonate, respectively, observe carefully 
if any visible change takes place, and note what you see. 

Now clean a piece of platinum wire, by rubbing tho wire with 
emery paper, dipping it into some concentrated hyd*ochlorio acid 
in a test-tube {do not dip the wire into the bottle of acid on the 
shelf), heating it in a Bunsen flame, again dipping iitto the acid 
and heating in tho flame, and proceeding thus until tho wire 
does not impart the slightest colour to tho non-luminous flame. 
When tho w’ire is clean dip it into the solution of tho solid and 
thcif bring the wire into the non-luminous flame of tho Bimsen 
lamp ; the flame acquires a slight and transient purphsh lavender 
colour, Avhieh appears redder when locked at through a piece of 
blue glass. Clean the wire againf dip it into the solution of sul- 
phur trioxide, and then bring it into the flame ; the flame is not 
coloured. 

Having cleaned i>bo wire once more, dip it into tho solution 
of potassium oxide and bring it into the flame,-; the flame is 



ANII A('n)l<; OMUlvS fir) 

* 

.slightly colom\‘il purplish lavcmlcv, anil tlin colour lool* rstliler 
wild) till! lUuiu! is vicwisl through blue glass. 

I’oiir into a Irst-tubo a littlu of the solution of tho soliil uh- 
tiiiiUHl bj iniviiig thi- solntiouHof the two oxides auiUivaporiitiiig. 
.iiuil add II little diluted bjdrochloric iieid, and then a few drop.s 
of absolution of barium nitrate; a whitosolid foniiH in tho liipiid. 
Perform this reiietiort with barium nitrate, preceded by addition 
of Ifjdruehloric acid, first with the suhilion of sulpliur tcioxide, 
and then Avith the solution of potassium oxide, and note tho 

results. 

# 

The following tabular ai^.mgement presents tho results of 
these experiments. 
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These e.q)ei'imcnt>i show that eertuin properties of sulphur 
triod'hla, and certain properties of potassium oxida, dis- 
appear when dejinite quantities of solutions in water of 
these two oxides are mixed. For, on eA'aporating the 
mixture of the txvo soh»tions, a solid is obtained an aiiueoua 
solution of Avhich lias no offect on tho colour of either 
blue or rod litmus, and does not react visibly either Avith 
sodium carbonate or Avitli Kine : Avliereas a soliitimi in 
Avater„ of sulphur trioxido turns blue litmus red, reacts 
Avith sodium carbonate to piroduee a gas wiiieb may be 
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L'avltoii dioxide, and raaefcs with zinc to produce a gas 
which ia probtibly hydrogen ; and a aolution in water of 
potassium oxide turns rod litmus blue, but has no visiblB 
iicti(]n on oithor sodium carbonate or zinc. 

The, e.vjiorimaiits also show that the solid formed hi/ viLvijuj. 
definite quantities of solutions of the tivo oxides, ,and 
evaporating, has at least one propdrty in common with 
potassium oxide, and at least one property in conlmon 
with sulphur trioxide ; for both potassfum oxide and the 
sohd in question impart a purplisli lavender colour to a 
non-luminous flame (sulphur trioxide dotfs not do this) ; 
and both sulphur trioxide and the solid in question, when 
dissolved in water, give a white precipitate with barium 
nitrate, which precipitate is insoluble in hydrochloric acid 
(potassium oxide does ijot do this). 

The litmus-blueing oxide — potassium oxide — is a representa- 
tive of a largo class of oxi^los which are called haste oxides. The 
litmus-reddening oxide— sulphur trioxide — is representative of a 
large class of oxides which are called acidic oxides. The com- 
pound formed by the reaction of definite quantities of these twb 
oxides — potassium sulphate — is a representative of a largq class 
of compounds which are called salts. 

All compounds of the element potassium colour a hot non- 
luminous flame purplish violet ; this reaction is not Characteristic 
of potassium oxide or potassium sulphate, but it is used as a test 
for detecting any compound of potassium. Bulplmric acid (a 
solution in water of sulphur trioxide contains sulphuric acid), "or 
any of those compounds derived from this acid which are called 
sulphates, gives a white precipitate with barium nitrate, which 
predpitate is insoluble in hydrochloric acid ; this reaction i^ not 
characterislio of a solution of sulphur trioxide or of potassium 
sulphate, but it is used as a test for detecting any sulphate. 
We shall find hereafter that a great part of qualitative analysis 
rests on facts of this kind ; we shall find that many compounds 
of each element, or of each one of certain compound-groups of 
elements, have some common reactions by the application of 
which that element, or group of elements, can hq, detected even 
when it is ■oomhined with other elements. 
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LESSON XII 

i'iiO’'i:uTins OF o.xiwiH - cuiiliunvd 

Apiuiratiis and 7iiaU‘riah required. — oxiili' tliiit him 
biji'ii Hti'on^'ly lioatfiL Itod anil blun litiiniSMiIntioiiii. Kolutiiin 
in water of Kuliilmr trinviilo. Sodium oiuiiuiial'.'. Clramilalid 
zinc. Platinum wiiv. Kim-ry iiii[n'r. 

Experiment l.—Tu e.iiuitine Uie e.hainjc irhich acnns when, 
eiiw oxide dis.iolce^ in an uqueoti.^ solution of sulidtiir trio, ride. 

Sluilu' a littlu powdered zinc oxWo with water for a few 
iiiiuutOi),' and test-tho water with bluo and red litniuK .solutiouii, 
.separately ; llie colour of the bluo litimw m not clmnged, the ivd 
litmus may become slightly purple in colour. 

If r.ino oxide dhsoh'UH in neater the solution hardly ujfeels the, 
colour of liUiiu.t. 

Pour into a basin two or throo tost-tubc.sfiil of a solution iu 
water of sulphur trio.xide, and heat fora mimito or two; then 
shake in powdered zinc oxide, a little at a time, siii-ring con- 
stantly, am^ boiling the liipiid after each addition of zinc oxide. 
You notice that the zinc oxide slowly dissolves. Proceed in this 
way until some zinc oxide remains undi.ssolved when the oxidu 
has been in the boiling liipiid for soveral minutes ; then pour 
about a couple of test-tube.sful of -water into tho basin, heat for a 
minute or two, and run the liijuid through a filter, allowing the 
nitrate to dfop into a small basin. Evaporate the filtrate over a 
low jlainc until a crust Ijegiys to form on tho surface of the 
liquid ; then set the basin aside until it is cold. 

When the liquid is cold pour it off from tho solid tluit has 


^ The luiic oxuli‘ shoulil hi* lu-alfd l)y a foot bluw-iuiui for homo time ht^foiv 
upo, as npi3Ciiuona:£if tliK cujinnuind often contain sjiut* caiboimte 
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separated from it ; then remove the solid to a piece of calico 
and press till dry. 

■When you liavu faiibliod llio cxperiiuoiit try to find a reiisou for thu 
cliruction to pre&g tliia solid till it ia dry. 

Dissolve most of the dried solid in -water (kedj) a liUla of it)", 
and examine the action of this solution on (i) red litmus, (ii.y blue 
litmus, (iii.) sodium carbonate, (iv.) zinc, (v.) barium iiitrate^solu- 
tion followed by hydroohlorie acid. Write out your results in 
the tabular form shown at the end of ExjJeruiiaiit I. of last 
Lesson; and contrast them with the reactions of gulphur trioxide 
solution on litmus and on the other substances just mentioned. 
The ex])mmmts you have made show that most of the 
lyrojiGrtias of the solution of suljjhur trioxide have been 
removed by the solution in it of zinc oxide, followed by 
evaiwratioyi ; hut thaf the reaction with hanum nitrate 
and hydroohlorie acid is common to solutions of sidiilmr 
trioxide and. of th^ solid obtained by sakirathig a sohUion 
of that oxide with zinc oxide and evapprating. 

Prom the conditions of the preparation of the solid obtained 
in this experiment it is almost certain that zinc must enter info 
the composition of that substance ; in other words, that the solid 
must he a compound of zinc. But it is advisable to show 
experimentally that that solid substance has some property in 
common with a body -which is known to be a compfiimd of zinc. 
Por this prarpose make a little loop on the efi'd of a clean 
platinum wire (see Experiment I. of last Lesson, p. 64, for the 
method of cleaning a platinum -wire), take a very smafl quantity of 
zinc oxide on to this loop, heat for a few moments in the Bunsen 
flame, then let one drop of a solution of cohalt nitrate fall on to 
the solid, and heat agam for a minute or hvo ; when the solid is 
colJ it is seen to be green. This reaction is charaot6rist5.o of 
zinc compounds. Clean the platinum whe, and repeat the re- 
action, using a very little of th^ solid obtained by saturating 
sulphur trioxide solution with zinc oxide and evaporating. The 
visible result is the some as -with zinc oxide. 

Although ziuc oxide does not react -with water and htmus 
ii-i the same way as potassium oxide (see Experment I. of last 
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ni!Y(‘rilR*leHS /inc ih a busic oxide ; it n*aetf^ with 

uulphut' trioNidi’, which is an ucidie oxide, iiuil tlie product is a 
s.iU I'.inc sulphiit('---tliat docH not exhibit the chaviictoristic 
I'cactions fit the acidic oxich' from whiclt it has Iteon produced. 

TUf aihtinutinu slumld liu cli'iiDy ‘.'nmjK'd lietwi’cii tl*r feypu'iil veiictiyiit: 
uf uchlii; o\iiU'h and tlie rliauu Urii tie Jraetiunfi nf iliis or that iiuluMiud 
iuihlic ovule; ulho lioiwi i'fi the tyjiical iraotnnw n[ lue ic oviile'i anil the 
chann*^i'rihti(.; routilioiih of any iiiiU\iiluid bii ic oviJo. The t^spioal fcuelnma 
o£ acidic ovidci^ t^olnbh* in water are that aijneou-* udutioiH of these oxidcii 
luin bluy litinuh red, react with sndiuin carbonate (and many other cur- 
b^nitc'-^) t^ixint' off eailion dioxide, leact with /Inc (and many other nietiiii.) 
to a'wt' otf t'aa (which in ^^eiimall^liydioaen) ; ail neidic oxido i eimihine 
witii banic oxide J to form salts, Thu typiea! leuetion ol ha^io oxbU-i ir> that 
they react with acidic oxidea to piuduee halt'-*. Suleiuiueut evpciinientB 
will make clearer the teriiu* (ikiIic oxuh\ inrac v.iidv, :nid stdt. 
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EXJSIiairiBa ON 'CHM DKXJiliMINATION OL’ TIIE BASIO OU AOIDIO 
OHAltAOTEltS OP OXlUJiS 

You ai’o givuu four oxiiTos, A, B, U, iiud D ; aud ydu arc 
asked to make experiments 'with these, a^id Irom the results of 
yom experimonts to classify tho oxides as basic or acidic. T^o 
oxides A, C, and D are solids ; the oxide B is glvon in solution 
in water. 

If an aqueous solution of an oxide, which is known to be 
either a basic or an acidic oxide, changes the colour of red litmus 
to blue, aud does not react v^ibly with zinc or with sodium car- 
bonate, tho oxide is basic ; such an oxide will combine with some 
acidic oxide to form a salt. Cut an oxide, when shaken with 
water, may have no eft'dtt on the colour of litmus, and may yet 
be a basic oxide, The one reaction commoli to all basic oxides 
is that they combine with acidic oxides to form salts. ' r 

If an aqueous solution of an oxide, which is known to be 
either a basic or an acidic oxide, changes the colour of blue litmus 
to red, aud reacts with zinc and with sodiiun carbonate, to give off 
a gas in each case, the oxide is acidic ; such an oxide will com- 
bine with some basic oxide to form a salt. But aS. oxide, when 
shaken with water, may have no effect on tho colour of litmus, 
aud may yet ho an acidic oxide. The one reaction common to allb 
acidic oxides is that they combine with basic oxides to form salts. 

You know that potassium oxide is a basic oxide, and that 
sulphur trioxide is an acidic oxide [Lessons XI. and XII.). If you 
find that a certain oxide, which you are told is either bajic or 
acidic, combines with potassium oxide, then the oxide in question 
is acidic. If you ffnd that a certain o^xido, which yi5u arc told is 
either basic or acidic, combines f.vith sulphur trioxide, then the 
oxide in question is basic. 

All the salts formed by the combination of potassium oxide 
with acidic oxides impart a lavender- violet colour to a hot non- 
luminous flame ; this reaction enables you to recognise these salts. 
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A poliil.ioii of any one of tlio salts {onncif liy tlio comlirnatioii 
of Kiilplnir trioxiilr a laiHii! oxiilc i-oacts with a Hulution of 
baviuin nitrate to form a while pivcitiitati' which in not ilissnlvcil 
hyilihitcd riydrochlorie acid; tliia reaction cnahlcayoiiio rccojinisc 
thc'sc HiiU",, whicli arc called .'.ifl/ihiifi":, 

T(j (li'ti'i iniiti' Ihv h(inir. or ncitlii: cluiriiclcr of ii7t (Wtili' Jtiwii'ii 
to he lifiHie or aeldic. 

I, *Shalie a little with distilled water ; and note the cft\ ct of 
the liqind (a) on litimi".. Id) on nine, ;nid(c) on sodium carbonate. 

, II. If the resnltH of I. indicate the oxide to be basic, proceed 
to prove that it combines \\ ith tMo acidic sulphur trioside. If the 
results of I. indicate the oxide to be acidic,, proceed to jiiose that 
it combines with the basic polassinm oxide. 

If tho oxide dissolves in w.iter, to an arpicons solution of it 
add a solution either of snl],ilmr U'ioxido (that is, udil dilnicil 
sulphuric acid), or ofiiolassium oxide (that i.s, .'dd diluted pota«h 
solution), as tlu‘ case may lie, till tho liipiid is neutral to lilnms; 
thou eva.pnralo towards diunoss, press iif calico till ijuito dry the 
solid, that forms aiAhe ('vaiionitcd liipiid cools, and prove that 
tt 4 ' s'lilt thus obtained is a compound either nf pntassium oxide, 
or ol snlplmr trioxidc, tiocordinyly as you ueuti\ili.-.ed by a .solu- 
tion of the former or of the latter of these oxides. 

If the oxide does not dissolve in water, satinatc a hot solution 
of sulphur trinxido (diluted sulphuric acid), or of potassium oxide 
(diluted potasli solution), as the ease may lie, with Ihn oxide -- 
as directed in Acxvo/i XII. fp. .dT) — ov.iporato towards dryness, 
In-i •ss in calicti till quite dry tho solid that forma as tho evaporated 
liquid cools, and prove that the suit thus obtained is a compound 
c.itlicr of siilpluir Ivioxido, or of potassium oxide, acc,ordin{;ly as 
yon Maturated a solution nf the former or of tlie latter of tlii'so 
oxidcM witli the oxide under examination. • 

Note.— TJ i the effect nf a coloured solution on litmus is to bo 
examined, it is better to df[) pi^'CS of paper coloured with Idiio 
and red litmus into the solution. 

To malv'e the method of procedure quite clear the resnll.s of 
determinations of tho basic or acidic characters of two oxides 
are appended. JI^ivVc out the results of your erperbiwitts in this 
form. 
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' I. . 

Oxide X. — Solid ; dis- Solution turned blue To solution added lit- 

Bolvod fairly easily in litmtis red ; reacted with inus, and then solution 

water. sodium cai-bonatc, giving of iiotassiuiv oxide till 

off a gas which put out liiinid was neutral 

a lighted tapoi ; and ro- colour ; evaporated to'- 

aoted with zinc to pro- wards dryness ; pyesgod 

dace a gas which tool:" solid that separated on 
fire. cooling till dry, apd then 

This suggests that dissolved it in water, 

oxide X is acidic ; if AT This solution turned red 

is acidic it will combine litmus slightly blue ; ,it . 

with pota3.sinm oxide, gave 'the flame leaction 

which is a basic oxido for compounds of potas- 

(Col. III.) siuni ; and it had no 

visible reaction with 
cither sodium carbonate 
f or sine. 

Oxide X is acidic : bocauso an aqueous solution of it turns blue litmus 
red, and reacts with a basic oxido, namely potassium oxido, to form a com- 
pound which has not tho ohofactoristio properties of the original oxide X. 

I. II. r III. 

Oxide S. — Solid; did When shaken with water To .solution ot sulphur 
not dissolve in water. did not affect colonr of tnoxide added .. IS, 
litmus, nor give off gas warmed, added more of 
from sodium carbonate S, and so on till a little 
or sine. of S remained undis- 

Oxide S is probably solved ; filtered and eva- 
basic ; if it is it will porated/iolution towards 
combine with sulphur drynesf; dried solid that 
trioxide, which is an separated on cooling, 
aoidio oxido (Col. III.) and thondUssolvcd it in'" 
water. This sohluon 
was neutral to litmus ; 
it had no visible action 
on sodium carbonate or 
zinc-, and it gaj;o the 
reaction with barium 

nitrate ay,d hydrochlm ic 
aoid oiiarncturistic of 
sulphates. 

Oxide B is basic ; bocauso (although water shaken with it does not 
affect tho colour of litmus) tho oxido does not react with sodium carbonate 
or zinc, and it forms a compound with an acidic oxido, namely sulphur 
trioxide, wlnoli compound has not tho chavaoteristio properties either of 
tho original^ oxide S, or of the acidic sulphur trioxide wh?ch was caused to 
combine with S. 
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TnOSK EDEMKNTH ''VllOSli OXID])!! AISM li.VBIC Itl’.SI'.’MIlEK EOl'l’El!, 

IRON, TIN, SILVER,' liRAD, &0. ; THEY Al;E METU.S. FAAMI- 
• NATION OF iNTEIiACTIONS OP MllTAES ANH AEinS 

Ajiimrahis aitd viatcrhils mjiiiii'il . — Fla'^1; fitted likr tliat ust'il 
in miildnj' liydrogeii in Ler-poii l\'. Tmindi. Two thin 
Two simill trays’, (ir.innl.ited /ini!. (Icaniilatod tin. riodhnn 
earboniiite. Litmus. Calien. Tapers. Clean platinum rvire. 
Cohiilt nitrate solution. Silver nitrate Kolution. Morciiric 
chloriilu Hulution. , 

]ji L. JX.,' I'JiipC'y/tHoni n., yon prep.ared hydrogen by 
tUo interaution of the metal r.iuc and diluted Hulphuric arid. 
Mo.st liasio oxides (sei' Lessons X7. inid XII.) arc oxide.s of ele- 
ments that resemble r.ine in their cbemioal reactions. Yon have 
now to examine the reactions Avhicb occur between a lew of the 
Kine-like elements and .‘-oiiio of the common acids. 

The eonniVjnest acids are snlphuri'. (oil of vitriol), nitric, 
(nqiKi furtis), hi/ilnu'hhii ic (spirits of salt, or muriatic acid), and 
•nrrlic (the a«id in vinegar). The ordinary metals are zinc-like 
elements; for inslaiieo copj)cr, tin, lend, iron, silver, and alumi- 
nium. 

In tbn present IcRsmi you will ovamino .=ome parts of the 
rcactiiin between zinc and diluted sulpliurin acid whie.li wtirc 
passed over in Lesson IX . ; and you will make a partial examina- 
tion of tho iirteraetion betw^'en tin and hydrochloric acid. 

• 

Experiment I.— To examine the solid obtained by dissolving 
zinc in diluted sulqdiu? to acid and cviqioralinij. 

To three or four test-tubesful of diluted sulphuric acid in a 
basin add several small pieces of granulated zinc ; allow' tho ro- 
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tielioii £o jiniei'uil, wavmiiig very sliijhtly if the I'oaction alackuna 
much. You know Kome of the properties of the gas — hydrogen — 
wliieh is given off in this reaction ; you have now to find out 
wliat is formed in this chemical change besides hydrogen. 

Wlien all, or almost all, tho zinc has dissolved, decant tlio 
liquid into another basin (filtering if necessary), evaporate over a 
low ftnmn till a froth forms on the liquid, and then sot aside the 
basin till it is cold (if the hasin is floated in cold wat* the 
cooling process will bo hastened). Pour cvft' the cold liquid from 
the crystalline solid that has formed into another hasni ; eva- 
porate this liquid vary slujlithjf’ and set it asfde to cool (see 
fonvnrd). Eemove tho crystalline solid from the basin to a 
piece of clean calico, and press it till qiiito dry ; then dissolve 
tho dry solid in tho smallest possible quantity of warm water, 
evaporate slightly, and let cool. Pour away the cold liquid from 
above tho crystals that have formed (if crystals have not formed 
evaporate a little further), dry tho crystals by pressure in calico, 
and then dissolve most, 8uf, not quite all, of the di’ied solid in a 
little water.' Provo that a little of this solution gives the re- 
action with barium nitrate and hydrochloric acid which is chara^i- 
toristio of a sulphate (soe p. 66) ; also prove that the solution is 
neutral to litmus, and also that it has no visible action on sodium 
carbonate or zinc (compare p. 58). Now heat an extremely small 
qiMntity of tho dried solid, supported on a small loop of clean 
platinum wire, in a Bunsen flame, thoii moisten vrith a drop of 
cobalt nitrate solution, and heat again strongly for several 
moments ; you obtain the reaction that is characteristic of com- 
pounds of zinc (see p. 68). 

7'his experiment shows that lolien sine dissolves in dihited 
sulphuric acid tho zinc reacts with the acid to form a 
crystallisable solid, which gives a reaction characteristic 
of zinc compounds, and also a reaction characteristic of 
sidphatcs (that is, salts dertved from sulfihuric acid). 
You already know that hfjdrogan is also a product of the 
reaction bativeen zinc and dnluted sidphuric acid. 

^ TUo xe-crystallisatioD from water is dono lor the purpose of removing any 
flulphuric acid that may have adhered to tho crj^atalfl obtained by tlio first 
evaporation of tho solution of zinc in nnlphuvic acid. c 
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Now turn li.iL'k to tlio biisiu wheroiu you ovaiKUMti'il thft liiiuul 
ijourt'd off from tlio solid tliiit wiis formod liy boiling ilowii tlio 
solution of ziiM! in diluted sulphuric iicid. A white solid bus 
sopuratiuf from this li(piid (if the liquid is free from solid inuttur 
•ovaporaUi a lilthi f\irtlu(r and lot cool). Dry this .solid thoroiiijhlij, 
by pj.'L'ssuro in calico, and apply to it tho sanio lusts you applied 
to tho first crop of cry’stals. )So far us those ijiiiilitativc tests can 
deciite, the second crop of cryslallino .solid is tin; sanio coinpoiunl 
as tho^lirst crop. ” c 

Tilts cxjtr.rimt'iit imUcates — it does not, however, ]irove— ///ut 
zinc siupkatc is tlw. stiltil juiulntt (</ Ike, ii'afti'Ui 
between zinc diul difutcd nutphtiric acid, itiidct the initdi- 
tions nf Hour cxjifnincnt. 

A coinjiari.soii of this result with tho results of I'h'jtci intent f. 
of Lesson XII. maUcs it ‘very prohahle that the suuio 
solid compuuud is produced by tho interaction of zinc and 
diluted .sulphuric acid as is fornuid when innc oxidu reacts 
witli Unit arid. 

* .Experiment ll. —'Ti> extuuinc tho intcraetiun of tin itnd eon- 
eentrated, hHdracldoric acid. 

Sot up an apparatus like that used in making hydiogeii, iii 
E.xitcriment II., E, of Les.son IX. (p. -M) ; hut arr.mge the 
aiJpariitu.s so^i.at the. fla.sk can he heated on wire, gau/i' over a 
Bun.seu lamp. Put about half a tc.sl-iubeful of granulated tin 
into the llask ; pour cunccnlralcd hydrochloric acid down the 
futinel tubu, about a test-tuhcful at a time, and warm. When 
gas has hocu (iomiug off' freely for a few minute.s collect a test- 
tuhoful of tho gas, and bring the test-tnbe month downwards to 
a lliyno ; if the gas burns (juiutly fill two thin glass jars with it, 
as you filled tho jars with hydrogen in Li's.son IX., E.i'peri- 
iiient II., El Pour tho acid and the uudissolvcd tin from the 
flask into a ba.sin ; set this ovdr a low flame in a dtauijht place, 
and allow the reaction to proceed (see forward, p. GO). 

Lift one of the jars with its mouth downwards from the 
water in the trough, and at unco bring a lighted taper to the 
mouth of the jar: note tho result. Place the other jar mouth 

I 
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upwaicls on the bench, and aftei; a minute bring a lighted taper 
to the mouth of the jar, and note what occurs. 

Tha results of these two cxjm-meiits shoiu that the qoluurless 
gas produoed by loarming concentrated hydrochloric acid 
ivith tin is very light, and that it takes fire easily and' 
hirtis with a scarcely lunwious flayie. The gas is grro- 
bahly hydrogen. ^ 

Extended and exact examination has shop'n that this gas is 
hydrogen. 

Eecall the results of JBxperhnent II., C and Ih Lesson IX. g 
you obtained hydrogen by'^ the reaction of zinc, iron, or 
magnesium with either diluted sulphuilc or hydrochloric 
acid. 

Something besides hydrogen must surely have been formed 
in the reaction between tin and hydrochloric acid. To find out 
whether anything elso has been produced, and if something has 
boon formed to discover,, if possible, what that something is, 
continue the evaporation of the li(|uid in the, draught place— if 
all the tin has dissolved add a little more tin— imtil a white 
pasty mass is obtained ; the evagwration must be done over, C 
very low flame, and yon must stir vigorously when the liquid has 
begun to get somewhat thick. Dry this pasty solid as thoroughly 
as you can by pressing it repeatedly in calico ; and then dissolve 
the dried solid in water. To a portion of this solution add a few 
drops of nitric acid, and then a little silver nitraf,i solution ; a 
white curdy precipitate forms, which darkens in colour after 
being exposed to the sunlight for a little time. ^To another 
portion of the solution add a few drops of mercuric chloride 
solution ; a white precipitate forms, which very soon becomes 
grey and then nearly black. 

Kow dissolve a small piece of tinfoil in a little warm coimeu- 
trated hydrochloric acid. To this solution add a little water, 
and then a few drops of mercuric cMoride solution ; a white 
precipitate is formed, and this precipitate soon turns grey and 
then nearly black. As the liquid to which you have added 
mercuric chloride solution was prepared by dissolving tin in 
hydrochloric acid, you seem justified in concluding that the 
reaction with mercuric chloride solution must 1)6 a reaction 
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v'iUicr of tin or of liY<li'ot‘liloric acid: to a littk* dilutL'd hydro- 
cblorie acid add soiiui niorcnriu ohlorido solution, no visible 
cbaii'^o ^cciirH ; tberoforo tbii formation of a white procipitatc, 
wbicb rapidly darlccns in C(d(mr, on addition of mercuric, cblorido 
•solntion to a li(iuid, is very probably a reaction of tin in Holution. 
Mowj extended investigation lias juslilied this conclusion, with a 
proviso which need not bo insisted on here. 

'the solid irh'i'h you obtained by dissolrimj tin- in hydin- 
.chlm-icncid and evnpomtiny was, therefore, a comimiml 
• of tin. 

To a little diluted hydrocbforic acid aild a few dvojis of silver 
nitrate solution ; a white curdy ineeipilate is obiained, which 
darkens on vStandin;' in the snnhglil. This is a churaeteristic 
reaction of hydrochlnrie acid and of salts obtained from this acid ; 
these salts are called ehloriiles, • 

The solid joliirh you obtained by dissolvimj tin in hydro- 
chloric acid and eraporatimj therefore, a cumjnmnd 
derived from liydrvehlorie, acid. 

Tt appears, then, that in the reaction of tin with hydroehlm io 
, acid,' hydroijen and a salt conqiosed of tin and hydro- 

chloric acid, or of tin and some, constiiaeni of hydro- 
chloric arid, are produced. 

Your experiments do not determine whether there are, or are 
not, cither products of the interaction of tin and hydro- 
chloiic acid. 
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INTBKAOTIONS OF MJilTAIiB AND A01DB~C07ltimied 

A^jparatus and materials requp-ed. — Flask, with cork carryirlg 
funnel-tube and exit-tube, to coUeot gas over water. Trough. 
Throe jars for coUeeting gas ; three small trays. Copper turnings 
or ohppings. Thin cardboard. Bed phosphorus. Deflagrating 
spoon. Powdered ferrous sulphate. Tapers. Slips of wood. 

A 

Experiment I . — To examine the reaction bctiocen copper and 
nitric acid. f 

Set up the apparatus used in Experiment^II. of last Lesson 
for examining the reaction of tin Avith cone, hydrochloric 
acid. Put about a test-tubeful of copper turnings, or clippipgcs, 
in the flask; cover the copper with water, and then pour 
diluted nitric acid (about equal parts concentrated acid and 
water) doAvn the funnel tube, a little at a time, with frequent 
shaking, until a visible reaction begins and ga^is given off. 
The colour of the gas in the flask is reddish bihwn ; the gas, 
therefore, is not hydrogen, although hydrogen 7nay be present ^ 
mixed with some other, coloured, gas. 

Allow the gas to bubble through the water in the trough for 
a little. Notice that the gas in the flask gradually becomes 
lighter in colour, and that after some minutes it is colourless ; 
but that the bubbles of gas escaping from the surface df the 
water are coloured reddish brown in the ah’. 

Now fill three jars with the^gas^in the usual way. Have 
ready a taper that •wiU burn with a small flame, and a smoulder- 
ing chip of wood. Bring the chip of wood into one of the jars 
held mouth upwards ; the smouldering flame is extinguished ; 
at once plunge the lighted taper into the same jar of gas ; the 
taper goes out. Put a little red phosphorus inlo a clean defla- 
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gratinfj; spoon, sot lire to the phospliorns, imiwhvu it is hurnanj 
hriijhtl)/ plunge tlie spoon into nnother jnr of tho gas; tho 
]ilinspliorus continuoH to burn. 

If yoil looked attf ntivoly ut tho gas in tho jars as you wero 
.pei'foniiiiig tlu'HO exporiinonts you notici'il that ns soon as oaeli 
jjiv was turned nioutli upwards tlio colourless gas in it hocamo 
reddish brown. Tiirti tho third jar of tho gas nunith upwards 
and ‘let it stand .for a few nioinonts ; then cover the mouth 
with a piece of cardboard, bring the jar mouth downwards 
under 'the water in the trough, withdraw tho cardboard, and shidco 
t\io jar. The .vater rises in t^o jar. Now, con.sidering that tho 
jars filled with tho colourloss gas stood with their moutliH undor 
water for some little time without tho water rising in tho jars, 
this part of tho cxporinient proves that the reddish gas produced 
by exposing the colourless giia to air ia decidedly more soluble in 
water than tho colourloss gas. Tho colourless gas is called 
niltw fu’Wc, and tho reddish gas nitmjen dioxiih (sometimes 
nitmjrn trtro.rulo) ; you will have to tteal with thc.so gasc.s again 
when you aro ovai.-dning tho propertie.s of nitric acid. 

, ’So far as those oxporinieiits havo gone they have not indi- 
cafed the existence of hydrogen among tho products of tlio 
reaction of nitric acid and copper. 

No\,' turn to the contents of tho flask. Pour oil’ the liquid 
from the undissolved copper into a basin, evaporate this li(]uid, 
over a low jt^ma in draught place, until it begins to got sliglitly 
thick’, and then cool it hy floating tho ha.siu in cold water. Pour 
> off tlie liquid from the Idue crystals that liavo fonued (kecj) thin 
liquid) ; dry the crystals thoroiujhly hy pressing in calico, and 
re-crystalliso tho solid from water (sec p. (M). 

Jleusoning from tho results of the (>\perimonts in tho last 
lesspn, you would expect these crystals to ho composed of copper, 
and nitric acid or some constituent of nitric acid. 

Now ths liquid poured off from the crystals must contain both 
oopjier and nitric acid ; *you »raay therofure make use of this 
liquid to determine some characteristic reaction of each of tlicso 
suhstances. 

To a little of this liquid add ammonia .solution until tlm 
smell of annponia is apparent after thoroughly sliaking tho 
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liqiud ; Alie liquid becomes deep azure blue in colour. This re- 
action with ammonia is characteristic of copper, and compounds 
of copper, in solution. 

Mix another small portion of the liquid poured off (from the 
blue crystals with about its own bulk of concentrated sulphuric 
acid ; taka very great care to 'your the acid in slowly while you 
hold the 7iioi(,th of the tube away from yourself, and perfornf the 
mixing by yawing from one tube to another, not by yutting your 
thumb on the mouth of the tube and shaking. - 

OONOBNTEATBD BULPHUEIC AOID BUENS THE BLBSH HOEEIBLY. 

Now run cold water on to the outside of the tube containing 
the mixture of the blue liquid and sulphuric acid, until the tube 
and its contents are quite cold ; then dissolve a little powdered 
ferrous sulphate in cold water in a test-tube (do not heat, and 
then cool), and pour tliis soliltion very slowly down the tube 
containing the liquid mixed with sulphuric acid, while you hold 
tlio tubes as shown in figpre 26. The comparatively light solu- 
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tion of ferrous sulphate floats on the surface of the liquid con- 
taining the comparatively heavy sulphuric acid, and you notice 
a brown colouration appearing where the two liquid? meet. The 
production of this brown colouration under these conditions is a 
characteristic reaction of nitric acid, and of nitrate^ (which are 
salts derived from nitric acid). 

You will return to this reaction when you are studying the 
properties of nitric acid. 

Now apply these tests for copper and nitric acid to a solution 
in water of the blue crystals. The results show the crystals fo be 
a compround of copper, and to bo a compound of nitrip acid. 

Yow exyerinmnts show that 'in thC interaction of cayyer and 
nitric acid a colourless gas is produced, luhich changes in 
the air to a reddish gas ; and that a salt composed of 
copper and nitric acid, or of copper and some constituent 
of nitric acid, is also formed. Your experiments do not 
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determine whether hijdroije.n is, or is not, also imqihieeil ; 
hut they do not direrlly indii'iito tihe, imse.nce of hydroiien 
amvtij the p'oduds of the reorlinn. 

% 

Puttiiif; tlw ruHults of K-rperimenl II., Lesson. IX., 

with till ISO of tliu ('xiUM’iinoiits piTfonnwl iu the liiHt, iiml 
till' pi'Pii'ut, lesson, j-ou liave found that hyilrogen is pro- 
dnoed in the intenictinn hetwerni diluted sulphnne, acid 
and any one of the three inelals, zinc, iron, ornuignesimn ; 
, and that hydrogen ia also produced in tho interaction 
between hydrochloric acid and tho metal tin ; also that a 
colourless, non-inflannflahle, gas, which is not hydrogen 
(although it may poasihly he mixed with a little, hydrogen), 
is produced by the intoiaction of nitric acid and tho metal 
copper. You have also found that, he.sides tho gaseous 
product (or products) of tlmso reactions between acids and 
inotalH, tlu're is formed in each case a compound of the 
nii'tal and the acid, or it nmy be some constituent of the 
acid, employed. 
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LESSON XVI 

EXAMINATION OP THE 1NTEEACTION9 OP METALLIC OXIDES 
AND ACIDS. PBEPAEATION OF S^LTS 

r 

Apparatus awl materials reqiiired. — Pure copper oxidii. 
Litharge. Granulated lead. AlColiol. Silver nitrate solution. 

In Lessons VII. and VIIL, and in part of Lesson IX., you 
found that the atmosphere contains a gas which plays a very 
important part in many processes of combustion, inasmuch as 
this gas (oxygen) enters into'cheinical union with the burning 
body. 

Li the second c.xjyerimunt of Lesson IX. you discovered a gas 
quite unlike oxygen. You found that this gac (hydrogen) is ))ro- 
duced when zinc, iron, and certain other metals, interact with 
diluted suliihuric or hydrochloric acid ; Experiment I, of Lesion 
XV. taught you that the metal copper reacts with nitric acid to 
produce a gas which is not hydrogen, although your experiment 
did not conclusively prove the complete absence of hydrogen 
from the gaseous product of that reaction. 

Experiments I. and II. of Lesson X. proved that water is 
produced when dry hydrogen burns in air, and that water is a 
compound of hydrogen and oxygen ; that experiment (lakCn 
along with previous experiments) showed you that the chomical 
change which occurs when hydrogen burns in air is like the 
changes which take place when phosphorus burns in air, -^hen 
load IS strongly heated in air, and when iron rusts in air. 

In Lessons XI. and XII. you examined some of the reactions 
of certain oxides ; you found thatrsom^ oxides combine with one 
another to produce definite substances in which many of the 
properties of the combining oxides have disappeared. These 
definite substances formed by the interaction of basic and acidic 
oxides are called salts. 
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In the present lesson, and in sonio other k-SHons, yon Vill t )0 
iisltod to exiimim? the cheiniciil properties of certain salts, chosen 
as representatives of tliis most important class of compounds. 

The pT;esent lesson will ho devoted to an exaininiition of some 
•of the reactions whereby salts aro itropared. A comparison of the 
results of J’LrpcruHrnt 1., Lesson XIL, with those of Experiment 
I., Lesson XIV., mak*cs it probahlo that the salt obtained by tho 
reaction of v.iuc with diluted sulphuric acid is the same ns the salt 
obtained by tin; reaction of zinc oxide with diluted sulphuric acid, 
^ou know from Experiment I. of Lesson XF. that a greenish 
blue salt, which gives tho reaction characteristic of copper, and 
also the reaction charactoristie of nitric acid and a nitrate, is 
produced by diss(dving tho metal copper in nitric acid and evapo- 
rating the solution. If it is true that the same salt is produced by 
dissolving .-.ino oxide in diluted fvilplniric acid as is formed by 
dissolving the metal zinc in that acid, then it is possible that a 
solution of copper oxide in nitric acid will yield tho same salt, on 
evaporation, as is obtained by di.ssolting the metal copper in 
nitric acid and evaporating, You must now test this hypothesis 
ly dxperimeut. You will then bo asked to compare the inter- 
action of lead oxide and hydrochloric acid with the interaction 
of th(! same acid and the metal lead ; and, finally, to compare 
those two reactions with the interactions of nitric acid and copper, 
and the same acid and copper oxide. 

Experiment I . — Is a salt produced hy the reaction between 
nitric, acid m<l eojipcr ii.ride ? If a .salt is formed, is it the same 
saV, as that nineh is produced hy dis.solvlny copper in nitric 
arid and craporatinij ■ 

To three or four test-tuhesful of diluted nitric acid (about 
threii parts concentrated acid to one part water) heatedin ab.Tsin, 
in ii drniKjht place, add pure powdered copper oxide, little by 
little, boiling for a minuto^or so after each addition of tho oxide, 
until some of tho oxide remains’nndis.solvcd when you have boiled 
for a few minutes. Notice that gas is not given off during tho 
solution of copper oxide in nitric acid ; recall the fact that the 
process of dissolving copper in that acid was accompanied hy tho 
lu'oductinn of .'ugas. Ilun tho greenish blue liquid through a filter 
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into a rbasin, and evaporate the filtrate, over a low flame, until 
crystals separate when yon cool a little of the liquid in a test- 
tube ; allow the liquid in the basin to get cold ; pour off the liquid 
from the crystals that have formed ; dry the crystals thoroiujhly 
by pressure in calico ; dissolve the dry solid in water ; and prove, 
that this solution gives the reaction with ammonia which is 
characteristic of copper, and the reactiefn with concentrated 
sulphuric acid and ferrous sulphate which is characteristic of 
nitric acid or a nitrate (see pp. G9, 70). ^ 

Copyjer oxide has reacted with diluted nitric acid to produce 
a nitrate of copper ; and, #s far as you can judge from 
your experiments, this salt seems to he the same as that 
produced in Lesson XV,, Experiment L, by the reaction 
of copper ^vith nitric acid. 

Experiment II , — Is a salt'jpo'odticcd by the interaction of lead 
and hydrochloric acid ? 

Put a small piece of gi’anulated lead, or lead foil, into a test- 
tube, add some diluted hydrochloric acid, ai5d boil for a minute 
or so, in the draiight place ; there is littlo or no visible change, 
at the most only a slight production of gas. Pour off the diluted 
hydrochloric acid, substitute concentrated hydrochloric acid, and 
bon for a few mmutes in the draught place ; the lead is evidently 
acted on hy the acid, as bubbles of gas are seen coming from the 
surface of the metal, but the action is not rapid. fAfter boiling 
for some mmutes pour the liquid, while boiling, from the un- 
dissolved lead into a beaker ; add a fresh quantity of concentrated ^ 
hydrochloric acid to the lead, boil for some minutes, and pefur 
the boiling liquid into the same beaker as before. Now add to 
the acid liquid in the beaker at least three times its own volume 
of eold water, and cool by placing the beaker in cold water. 
When quite cold pour off the liquid, as completely as you can, 
from the white, crystalline, solid that has separated ; add not 
more than a kuentieth of a tesdAuloeful of cold water to the 
solid ; shake ; let settle, and pour off the water. Eepeat thi.s 
washing with a very little cold water ; the object is to remove 
any hydrochloric acid that may be adhering to the solid, so that 
you have only this crystalline solid to deal with ip the next part 
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of the experiment.' Now pour about a tost-tubeful of water on 
to tlio solid in the beaker, and boil ; the white .solid slowly dis- 
solvo.s in the boilinp; water (if the solid does not all dis.solvo after 
boiline f»r, say, live niiimtos, add a little more watiw and boil 
p.ijain). Cool the liipiid ; the solid is re-formed.''' 

I’hc itilyi action of lead and hoilinii cimcniUmtcd kjidrO' 
chloric, acid has jwoduced n irhilc, cri/sfiilUiic snlid, udiich 
» diMolccs in hoiliiiij water, hut cri/stallkcs aijain us the. 
v'dter cools.^ ^ 

Frotn the analogy of the results of previous experiments on 
tBe solid prodaets of the ren^'tiona of metals with acids, you 
would expect this white, crystalline solid to bo a eomiioimd of 
load with hydrochloric acid or some eonstilueut of that acid. 

Dissolve the white, crystalline solid m boiling water, and to 
a 2'>arlion of this solution add two drops of diluted inlvic acid and 
then a little silver nitrate solution ; a wdiite, eiu'dy, precipitate 
forms, which darkens on exposure to sunlight. 'I'his reaction 
you know to be ebaraotoristie of chloriites (see p. 67). 

'bo the other portion of the solution of the solid in boiling 
watiu- add some alcohol and then a little diluted sulphuric acid ; 
11 white precipitate forms, ('onaidoring the conditions of forma- 
tion 'of the crystalline solid, and considering you have proved 
that solid to bo a chloride, this reaction w'ith alcohol and diluted 
sulphurie acid must bo due either to lead or to the other con- 
stituent, which we may cull the c.hlorida constituent, of the salt. 
Niuv add alcohol and diluted .sulphuric acid to a littlo hydro- 
.cbloric aeid^ no visible change occur.s : the reaction with 
alcTihol and Hulphuric acid is not due to the chloride constituent 
of the salt. Dissolve a small piece of lead in hot diluted nitric 
acid — notice that a rcddi.sli gas is given oil', and recall the fact 
that a reddish gas was produced during the reaction between the 
metal copper and nitric acid, m K.rjwti)nent I., Lesson A'K.— 
and to this anlution add alcohol and diluted sulphurie acid; a 
white precipitate is producdfl. '4'he reaction with alcidiol and sul- 
phuno acid is, therefore, duo to lead. The white solid obtained 

^ Till) renuntil of the uilheiini^ li'inut frum ihn shUh jMtu jirepavi'il in furiiiei.' 
expei’ininnts win aceniiipliMhed liy }iri*5Mn^ in ealieo. 

^ Ntifcieo tho aHHUjnpLiDii that ir» niJule in this atnteinent. 
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in thiff’ experiment by tbe reaction of hydrochloric acid with lead 
is therefore a compound of lead. 

These, exjteviments show that the interaction of lead and 
boiling concentrated hydrochloric acid pioduhcs a gas 
(which you have not examined) and a compound of lead 
and hydrochloric acid, or some constituent of hydrochloric 
acid; and that the ccmvpound of lead is a lohite, crystal- 
line solid, which dissolves slowly in boiling watef, and 
crystallises again as the boater cools. 

Experiment III . — To determine whether a salt is formed hj 
the reaction of lead oxide and liydrochloric acid ; and if a salt 
is formed, to compare it with the salt produced by the interaction 
of lead and hydrochlorio acid. 

To about an eighth of a test-tubeful of powdered lead mon- 
oxide (litharge) in a basin Add about a test-tubeful of diluted 
hydrochloric acid (one part concentrated acid and two parts 
water), and boil for som#, minutes, m a draught place ; pour off* 
the liquid while it is boiling into a beakei;,; add another test, 
tubeful of diluted hydrochloric acid to the lead oxide that has not 
dissolved, and boil for some minutes ; then pour off the boiling 
liquid into the same beaker as before. Notice that gas is not 
given off as the lead oxide dissolves in the acid. Now pour some 
distilled water on to the solid in the basin wherein the acid was 
boiled with the lead oxide ; boil for some minuteso and pour the 
hot liquid into the same beaker as before. 

Wlien you have finished this experiment try to find Qut why you are, 
directed to add the water and to boil. r- 

Add a good deal of distilled water to the contents of the 
beaker (at least three times as much water as the bulk of acid 
liqpid in the beaker), and cool by setting the beaker in cold 
water. Pour off the cold liquid from the white, crystalline solid 
that has formed ; wash this solid two or three tiipes with cold 
water, as directed in the last exgerinfent, using less than quarter 
a test-tubeful of water each time. Drain off the last wash-water 
from above the solid as completely as you can ; then add about 

' If you tolce hold of the hot hasiii with toiigs he sure that the tonffs do not 
touch the liquid in the l)afiin\ for if t.lioy flo, Boino of thn material of wliicli tlio 
tonf'H uvp nmclo will dissolve in tlio acid. 
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two or thrws tcHt-tubi'shil of distillud wati-r to the wiishcA solid, 
iind hoil until the solid dissolvoa. Allow to become cold, end 
then pour off the water from tho solid that crystallises out on 
cooling'. Now test this white, eryatallino solid for a chlorido, 
•■anil for lead, as directed iir the last oxporimeiit (p. 70). 

n'btiltn of ilqs cj'jict immt xhoir that a 7ohitr, cryatalUno 
soliil is produced by the interact ion of hoiliwj hydrochlmio 
acid and lead monoxide; that this solid dissolrcH slowly 
.in boilinij wator and crystallises as the liquid cools ; and 
that this solid is a co7ni)oitnd of lead and hydroahloiic 
acid, or so7)ie constitiuvft of hydrochloric acid. 

I'utting together tho results of E.rpcrnncnts IT. and III., it 
is extremely probable that tho .salt formed by tho interaction of 
hot concentrated hydrochloric acid and load is the samo as tho 
salt formed by tho interaction of •hot somewhat diluted hydro- 
chloi’ic acid and lead monoxide. 

The results of tho experiments jjprformed in tho present 
le.sson, t.iKen with the results of K.rpcriincnt I. of hesson .YF., 
malte it very pi'obablo that the same salt is produced whether 
wpjier or copper oxide reacts with nitric acid, and that the 
substitution of load monoxide for lead, in tho reaction with hydro- 
chloric acid, does not alter the compo-iition of the salt which is 
obtained. The 07ily way of testimj this pruhahilily would be to 
make accurate qiiantitatiro analyses of the products of the various 
I'caciions. 

Tlichc imi'ius i.'viili'iilly point to two uiollioiN for tlie preparation 
of salts, namely, by tUo reaction of a metal with an acid, and by tho 
reaction of an oxide of a metal with an acid. 

Chose results suggest for imjuiry such (luestions as tho 
,„Li.,wiug. Is the same salt always obtained by the reaction of 
an u«id with a metal as is formed by the rcsiction of that iicid 
with an oxide of tho same metal ? Doe.s a defmito acid alwaj s 
produce the’ .same salt hy*its iuteractlon with a specified metal? 
(Ir may several salts be obtained by the reaction of the same 
acid with the same metal ? If a metal forms more than one 
oxide, does each oxide react wdth any spcciflod acid to form its 
own salt ? Some of these questions wdll be examined in tho 
following lessons. 
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LESSON XVII 

EXAMINATION Off THE INTEltAO'iTONS i£bTAEEIO OXIDES 
AND AoiDB — continued 

r 

Ajiparatiis and tnateriah required . — Flask about 8 oz. and 
ono about 2 oz. capacity. Good caoutchouc cork with two 
holes to fit larger flask. Wide-mouthed bottle, about 2 oz., with 
caoutchouc cork with two holes to fit the bottle. Hard glass 
tubing about 6 inches long and ^ to | inch diameter, with corks 
to fit it. Ordinary glass tubing. Files. Thin earthenware 
crucible. Funnel tube, r Lead monoxide, lead dioxide, and red 
lead. Granulated zinc. Litmus. Common salt in lumps. 
Solution of silver nitrate. Lime water. Alcohol. Solution of 
oxalic acid. Tapers. Glass wool or asbestos wool. 

Your experiments have shoivn that probably the same zinc 
sulphate is produced by the interaction of zinc oxide and sul- 
phuric acid as by the interaction of zinc and sulphuric acid 
{Experiment I., Lesson XIL; and Experiment I., 'Lesson XIY .) ; 
that probably the same copper nitrate is formed whether copper,, 
or oopiper oxide reacts with nitric acid {Experiment L, Lesson X¥.; 
and Experiment I., Lesson XVI.) ; and that pirobably the same 
load chloride is obtained whether hydrochloric acid reacts with 
lead or with lead monoxide {Experiments II. and III., Lesson 
XVI.). 

Now the reaction of zme and diluted sulphuric %oid produced 
hydrogen, besides the salt zijjc Sulphate {Expenment II., 
Lesson IX .) ; and the reaction of tin with concentrated hydro- 
chloric acid produced hydrogen, besides the salt tin chloride 
{Experiment II., Lesson XIV.). Note also that hydrogen was 
obtained by the interaction of diluted sulphiu’ic acid and either 
magnesium or iron {Experiment 11., Lesson IX".) ; and that the 
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mictiiiii of eoppor iiml iiitrii; aciil protlucotl a gaslicHulua fomiiiij' 
copper nitrate {Exjifrimeiit f., Lesaim AT.) I’nit neither hytlroguii 
nor anotlj^sr aviih proiluceil in tlie ri'iiclion hetwoen .my of Dio 
uciilH iind any of the inotallio oxides wliieh you have examined. 

Kiu'ely Koniething besides tlie salt must he producc'd wlien iiii 
acid •nuiets with a wietullic oxidiij* Wlmt is tliis soinidliinf' 
likely^to bo ? kletals are elements ; tlierefore the hydrogen that 
was produced in tlie reactions between varioiiH metals and 
sulphuric or hydrocbldric acid must btivo come from the acids, 
o* perhaps froyi the water with which the aeiils were diluted 
(for concentrated hydroohlonc acid contains Mime water). 
Assume that the hydrogiai eamo from the acid used. K.rjwri- 
•nu'nU 1, and IT. of Li'ssun X. showed that water is formed by 
the union of hydrogen and oxygen, llouee, jiorhajis water is 
produced, besides a salt, when a iiTetallic oxide reacts with an 
acid. You must put this hypothe.sis to tho test of experiment. 

Experiment I.— Tb dctcrniim whetiwr troWr is formed irhcu 
dry hiybochlorir, iwid ijiis rtuiets udth lend mono,ride. 

* ilydroehloric acid is cho.sen because that acid can bo obtained 
as a gas which can be drieil. 

Heat about a test-tubeful of powdered lead monoxiile (lith.irge) 
in a thin carthonw'are crucible, over a low jlnme, till it is ipiite 
dry. ^ • 

While the lead monoxido is being dried set up an apparatus 
as shown in tigura 27. 

Thv, apparatus consists of 
a llask of about 250 e.c. 

(say 8 ox.) cajiucity, fitted 
with a caoutchouc cork 
carryifig a funnel tube 
and a piece of^lass tubing 
which pusses dow’nwards • 
through a good cork m a 
small wide-mouthed bottle 
(A) of about OOc.c. (2 oz.) 
capacity ; this bottle is connected with a pioco of hard glass 
tubing (B) abouf 150 ram. long and 12 to 18 mm. diaiuoter (say, 
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G inclios by Ij to iucli), and this tube carries a piece of ordinary 
glass tubing about 220 mm. (0 iucbea) long, which is bout down- 
wards and dips into a small, clean flask (0) ; the small flask is 
pliicocl ill a basin containing cold water. The apparatus must 
be arranged so that the tube of hard glass can bo heated. This 
whole a^ijjaratus should he 2 )luccd in a drq/iujht plaae. 

Fill the bottle A to about one-half with cone, sulphuric acid, 
taking care that the acid does not touch the ijeck of the bottle as 
you pour it in ; place a good many lumps of common salt in the 
large flask ; transfer enough of the dried load monoxide, whilo-it - 
is still warm, to the tube of haru glass to fiU this tube to about 
three-fourths when the load oxide is packed very loosely into the 
tube ; and insert a loose idug of asbestos, or glass wool, that has 
been thoroughly dried by heating, into each end of the tube. 

Now put the apparatus together as represented in figirro 27. 
Pour a little cone, siilpliuric acid dew the funnel tube on to the 
common salt in the layge flask. A reaction soon begins and 
hydrochloric acid gas is given oil'; this gas .is dried by bubbling 
through the cone, sulphuric acid in the bottle (cone, sulphuric 
acid readily absorbs and combines with •water), and the ’drisd 
acid gas then comes in contact with the dried lead monoxide in 
the tube of hard glass. After a few minutes heat the tube B 
gently, waving the flame from end to end of the tube, and gradu- 
ally raising the temperature. ^ 

If the evolution of hydrochloric acid gas slackens pour a little - 
more cone, sulphuric acid down the funnel tube : towards the 
end of the process it may be necessary to ivarm tlfe flask w^ich'"’ 
contains the common salt and sulphuric acid; this may bo 
done by slippmg a water-bath containing hot water under the 
flask. 

Continue to heat the tube B — a high temperature ds not 
reijuired — until a fair quantity of liquid (say a tenth of a test- 
tuheful) has collected in the little flask that is surrounded by 
cold water ; then disconnect the apparatus, and remove the tube 
of hard glass and the small flask containing the liquid. 

Now compare the liquid in the flask with an aqueous solution 
of hydrochloric acid. Notice that white clouds are produced 
when a ^od is dipped in solution of ammonia 'and is then held 
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iK'ur Uie surface of oitlior liquid ; jiotico also that both ‘liquids 
dishulvu zinc with uvolution of hydrogen ; that both turn blue 
litmus red ; and that both give white curdy precipitates, that 
diirkeu iif sunlight, with silver nitrate solution. 

• 'I’lio liquid that has been formed is ovidontly water containing 
hydrochloric acid gas dissolved in it ; the excess of hydrochloric 
acid gas, over and a"bove what has been used in the reaction 
with ‘lead monoxide, has passed out of the tube B, and some 
of that excess has dissolved in the water produced in the re- 
(^tion. 

The results of this experiment shoxo that xoater has been 
formed hj the interaction of dry hydrochloric acid and 
heated lend monoxide. 

Tn Experiment III. of last Lessoxi you obtained chloride of 
lead by the reaction of lead niono«ide with a solution of hydro- 
chloric acid gas ; hence, it is probable that lead chloride has 
i)een formed in the present .experiment. Now you know that 
lead chloride dissolves slowly in boiling water, and you know a 
reaction which is characteristic of compounds of lead in solution, 
iMid" also a reaction that characterises chlorides in solution (see 
pp. 75 and 07). On that knowledge, supplemented by the fact 
that lead monoxide does not dissolve in water, devise a method 
for finding out whether there is any lead chloride mixed with the 
unchanged load monoxide in the tube B ; then apply the method 
you devise, and note the results. 

The ro.snlts of -this e.vperimcnt slmn that when dry hydro- 
chin fie acid gas reacts until dry lead monoxide, water and 
lead chloride arc produced. 

As you have found a marked similarity between the reactions 
of viM-ious metallic oxides with solutions of different acids (oxides 
of lead, zinc, and copper ; and the acids sulphuric, hydrochloric, 
and nitric, Have been uscil,in your experiments), you seem justi- 
fied in concluding that, as watef is a product of the interaction of 
hydrochloric acid and lead oxide, water will probably be formed 
in the interactions between other acids and other metallic 
oxides. 

This provi.sional conclusion has been shown to he correct by 

I 
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tlio ciu’oful, (iiiiiiititiitive, study of the interactious of acids aud 
luotiillic oxides. 

'J'iiu results of some of the experiments made iir Lassona 
A'JF., A’'F.,and JuFJ. show that, in many cases, the products,, 
of the reaction between a metal and an aqueous solution 
of an acid are a salt and hydrogen ;''but that in one case, 
at least (copper and nitric acid), the gas given edf in 
quantity is not hydrogen. These ^roshlts also make it 
probable that the products of the reaction between a 
metallic oxide and an acid ,are a salt and water. " 

At the end of last Lesson certain questions suggested thorn- 
selves for experimental investigation (see p. 77). Answers 
must now be found to some of these questions. At present we 
shall take these qirostions: ff a metal forms more than one 
oxide, does each oxide react with a determinate acid to produce, 
what may be called, its ,own salt > Are water and a salt the 
only products of tlie interaction of an acid anji a metallic oxide ? 
To find answers to these questions it is necessary to extend nur 
examination of the reactions which occur between acids anci 
metallic oxides. 

Experiment II . — Lead forms three oxides : litharge, red 
lead, and the puce-coloiired oxide. Litharge reaett with hydro- 
chloric acid to produce lead chloride and rvater ; are the products 
of the reaction of this acid with the other oxides ,pf lead the 
same as the products of the reaction of the acid xvith litharge 

A. To examme the X'caction between red lead axid hydro- 
chloric acid. 

On to a httle red lead in a test-tube pour enough diluted 
hydrochloric acid (about one part concentrated acid to two 
parts water) to fill the tube to about oije-half, and warm the tube 
over a small flame. A visible reaction soon begins, and a gas 
with an exceedingly disagreeable and kritating smell is given 
off ; if you hold the tube against white paper and look down it, 
you will see that the gas has a yellowish colour. Boil for 
a minute or two ; the colour of the solid in the tube changes 
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fnimri'd to a dull rt'ddiHh livown ; and as the Imiiing is continued 
tlio solid bocoini'S somewhat Ughtec in colour. Lot the solid 
settle, ami at once [loiir otl' tho hot liijuid into a heakcr (if any 
visible change oceitvs in this liquid as you jiour it into the heaker 
note what yon seo) ; pour a little distilled water on to the .solid 
in tho test-tube, shako up, lot settle, and pour the water away. 
Now,half till tho tube containing tlie solid with di.stillcd water, 
boil for a few minutes, and pour the liot liquid into the beaker 
which* contains tho a6id liquid pouri'd off after tho first treat- 
iSent with boiling hydrochloric acid. Hoil the solid tliat remains 
in tlie teat-tube with a fre.sh quantity of distilled water, ami pour 
away tho hot liquid ; once more repeat the tn'atmeut witli boiling 
water, and pour away the hot liquid. Now add about 'a fourth 
of a test-tubi'ful of liydroehloric acid of the same dilution as was 
u.scd hi'foro to the solid lu tho b'st-tubo ; boil for a minute or 
two— notice that the badly amelling, ycilowiBh, gas is given off 
again— allow to settle, pour off the h^t liquid, boil tho rcsidno 
with water, and pqiir away the hot water when the solid matter 
has’ settled. A small quantity of a brownish coloured solid, 
iTiiscd perhaps with some ligliter specks, reniains in the tube. 
Boil this solid for some time witli hydrochloric acid of the siune 
dilution as was used before ; if any dark coloured .solid remain.^, 
wash it with a little cold water, and then boil it with water two 
or three timgs. Again boil tlie solid that is loft witli hydro- 
chloric add, and repeat the treatment with water. Tho wliole of 
the reddish brown .=olid at last disappears. Notice that tho badly 
smelling, yellowish coloured, gas is given off each time you hail 
tlie dark coloured solid with hydrochloric acid. 

Turn to tho hoalter containing the liquids poured off from the 
tiiho wherein tho boilings with acid and water were conducted. 
A w'Hite crystalline solid has settled down in tho beaker, l^oiir 
off tho liqiiiij ; wash tlie solid two or three times, by sliaking with 
very small quantities of ctld i^ater and pouring off tho liquid ; 
then add about three test-tiihesful of water, and boil for some 
minutes. Tho solid dissolves in tlie boiling water ; it behaves 
as the lead chloride did which you prepared from litharge in 
Fj.rperiment 111., Lesson XI7. Prove that this solution in hot 
water gives tli'i reaction with alcohol and dilute sulphuric acid 
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chai’acteriatio of load compounds in solution, and also the reac- 
tion with a drop of diluted nitric acid and silver nitrate solution 
characteristic of chlorides in solution (see pp. 76 and (17). The 
white crystalline solid is load chloride ; and, as far as you can 
judge from your experiments, it is the same lead chloride as that" 
prepared from litharge ; quantitative experunents have ooufinned 
this conclusion. , 

Bed lead has reacted with hot hydrochloido acid to produce 
the same salt, namely lead chloride, as if produced by the re- 
action of hot hydrochloric acid with lead monq?;ide (litharge). 
But this salt is not the only product of the reaction between red 
lead and hot hydrochloric acid : a badly smelling, yellowish, gas 
was giveh off which was not obtained when lead monoxide was 
used ; and a reddish brown solid, differing in appearance from 
either red lead or litharge, remained in the tube, but this sohd 
was changed, by repeated boiling with hydrochloric acid, into 
lead chloride and the bac^y smelling, yellowish, gas. 

It is advisable to boil a little litharge with hydrochloric acid 
(one part eono. acid to two parts water), and to convince youfself 
that the badly smelling gas obtained when you used red lead is 
not given off in this reaction. 

The results of this experiment shoiu that the reaction between 
hot diluted hydrochloric acid and red lead resembles, but 
is not the same as, the reaction betioeen that acid and 
lit]ui7-gB. Lead chloride is produced in both reactions 
[water is also formed in both reactions] ; but when red 
lead is used there are {at least) two other products of the 
reaction, namely, an extremely badly smelling, yellowish, 
gas, and a reddish brown solid which is slowly converted 
by boiling hydrochloric acid into lead chloride and the 
badly smellmg, yellow, gas. ' 

B. To examine the reaction betioecn the puce-colo%rad oxide of 
lead and hydrochloric acid. Repeat part A of this experiment, 
but use the puce-coloured oxide of lead {lead dioxide, also called 
load peroxide) instead of red lead. Notice that a gas is given off 
with the same irritating odour, and the same colour, as the gas 
which was produced in the reaction with hydroeldorie acid and 
red lead. JExact expoiiments have shown that Che same gas is 
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Riven off whi'tlu'i' I'l’il lend or lead dioxide is used.] Notiiee also 
that the whole of the hsld dioxide (dialiRes fairly rapidly to a 
nearly white solid; and that this solid dissolves cnnipletely in 
hoiliiif' water after it has laieii washed u few times with eold 
.water. I!y perforiiiiiie the neois-’avy testa prove that this whito 
solid is lead (diloridc. 

The of ilds i‘.qMruiii'nt show Hint the ivnetion hetwi'm 

hot iUlulc.d hydrochloric iirin ond laiit dioxide rpsomldcs, 
hut i.'i nut Jic same as, the. reaeiioii hclirecii that acid awl 
■ red lead. Lead chloride, and ayo/luw, hadlij smcllimj, ijas 
are jo'i.l need in hoth^reacttoits [uati r is also foriiied in 
both reactions] ; hut when red lead is used there is {at 
hast) one other jiioduet oj the. reaetion, namely, a leddi.sk 
hiiiWK Solid, whieh is, lavi'i rer, jinally ekawjcd into lend 

chloiide awl the yellowish ijas that smells so badly. 

i 

Experiment III.— IZ'o compare the, icddish brown solid pro- 
duced in the earlier staye of the reaction of hydrochloric acid 
and red lead wilhjend dioxide, 

'It .seems not uidikcdy, from tho results of Expierimeni II., that 
the reddish brown solid produeed in the first jiart of the reaL'tion 
of hot hydrochloric acid with red lead may bo lead dioxide ; for 
the appearances of the two substances wore alike, and both were 
changed, evoiitiially, into lead chloride and the yellow, sinelliiiLr, 
oas by react'd^ with hydrochloric acid. Acenriite (juantitativo 
experiments, which you cannot perform at this stiiRC, would bo 
reipiii'od tn prove, the identity of the two .solids; but you can 
etiuniiiio (puilitatively the reactions of these .solids with some re- 
agent, and obtain resiiU.s wliich nill cither inoreaso, or diminish, 
the probability tliat the .solid.s arc the same .sub.stanco. 

Prepare some of the brownish solid from red lead, by shaking, 
and* slightly warming, red lead for ii few minutus with diluted 
hydrochloric acid (one part cone, acid to two parts water), wash- 
ing what remains with tiold, water, boiling two or three times 
with water, and pouring olf the water as completely as possible. 

Mix this brownish solid in a test-tnhe with about one-sixth 
of a test-tubeful of diluted siilpluirie acid, add the same vohnne 

of a solution in water of oxalic acid, and warm. A reaction 

« 
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eviclenijly occurs, and a colourless gas comes off ; place a little lime 
water in a clean test-tube, and hold this tube so that any gas 
coming from the other tube may fall into the lime wator. (Sec 
figure 26, p. 70.) On shaking the tube containing mtbe lime 
Avater, after a few moments, the formation of a Avhite precipitate, 
shows that the gas produced by the reaction of diluted sulphuric 
and oxalic acid solutions on the brownish solid is carbon diokide. 

Eepeat this reaction with diluted sulphuric acid and a solntion 
of oxalic acid, but use a little lead dioxide in plasce of the brownish 
solid obtained from red lead ; in this case'also carbon dioxide is 
given off. <■ " 

Eepeat the reaction, using lead monoxide in place of the 
dioxide ; no gas is given oft. 

The results of this experiment shoio that the brownish solid 
produced in the earlier stages of the reaction between red 
lead and diluted hydro'bhloric acid may very possibly be 
lead dioxide. 

Putting together the results of the experiments of this lesson, 
you are justified in concluding that although a chloride of 
lead, and very probably the same chloride of lead, is pror 
duoed by the interaction of hot hydrochloric acid and 
either lead monoxide, lead dioxide, or red lead, nevertheless 
the reactions between that acid and the three oxides of 
lead show distinct differences. With lead monoxide no 
gas is given off ; hut a very badly smelling, yelloAvieh, gas 
is evolved in tbe reaction of the acid both with red lead 
and with lead dioxide. When red lead is used the earher 
stages of the change are marked hy the production of a 
broAvnish solid (which eventually reacts with tbe acid) 
which may very possibly be lead dioxide. 

We shall not turn aside to pursue tbe inquiries suggested by 
tbe results of tbe experiments of this lesson; foiv instance — • 
What is the yellow badly smellingrgas f Do tbe different oxides 
of tbe same metal always produce, finally, tbe same salt by their 
reactions Avitb the same acid ? The experiments made in the 
present lesson have sufficed to answer one of the questions 
which arose from the results of former experiments on the re- 



i\. lit liKAt'TlONS (IK MET.M.MO nXIItKS Wn'li AflUS 87 


actions betWLi'ii acifls and incl.illia o'cidcs (see p. K'2) ; yau kn nv 
now tliat watei' ami a salt are not iihvajs tlie only ]iriultic(s of 
the interaction of an acid and a nii tailie oxide. And theve~idli 
of the efcpevinients made in this lesson will prepare yon for the 
, stai.enient, which will he illustrated indirectly in Lf'taon XIX., 
that dilTirent salts are Hoinetimes formed hj the interaetiim of 
one'and the same acid with different o.vides of the same metal. 
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LESSON XVIII 

BXBEOIBEB ON THE OLASSIPIOAI'ION OS' OXiriJiB AS BASIC AND 
AOIDIO OXIDES, AND BBEOXIDES 

Apparatus and materials required . — Red and blue litmus 
solutions, and papers. Starcb. Potassium iodide solution. 
Sodium carbonate. Granulated zinc. Platinum wire. Piece of 
blue glass. Silver nitrate solution. Splints of wood. 

In Lessons XI. and XIFi you learnt to distinguish hasio 
oxides from acidic oxides ; and in other lessons you have learnt 
something of the reaction* of those elements (metals) which form 
basic oxides.' In the last lesson you had to daal with two oxides, 
red lead and lead dioxide, which reacted with hydrochloric acid 
to form (very probably) the same salt as that produced by the 
reaction of the same acid -with lead monoxide, but which two 
oxides also produced a gas (by reacting with hydrochloric acid) 
which was not formed when lead monoxide was used. These two 
basic oxides, red lead and lead dioxide, differed, th'^refore, from 
the basic oxides (zinc oxide, copper oxide, lead monoxide, and 
potassium oxide) you had examined in previous lessons. 

It is convenient to include in one class those metaUic oxides 
which react with hydrochloric acid to produce salts (chlorides), 
and also that yellowish coloured, badly smelling, gas the forma- 
tion^ of which you noticed in the oases of red lead and ^ead 
dioxide. This gas is called chlorine. Oxides of this class also 
react with hot concentrated sulphuric acid to givo'^.off oxygen 
[forming likewise salts — sulphateB — aifd water]. Oxides of this 
class are generally called metallic peroxides. 

Some metallic peroxides react with water to form acids, and 

* Notice tlmt tliis statement does not assert that all the oxidos of all metals 
nro basic. 
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with pdtiish to f(irm suits ; they arc, lluTi'fori!, iioidic. lint thuy 
also voaiit with hy.drochlm’if! iW'iil to form i-hloridos (iml chloriiu', 
and with none. Hid|iliuric atdd to form sidpliatos and oxj.iton. ft 
is c'oiivuiitout to distiiifjOusli such mi'l.dlic poroxidos as arvlk 

You havti now some acquaintaiici! with oxidi'S ixdoiifiint; to 
four ohiiiscis: OJthh'S, which ri'uct with liasic oxides to 

form ^idts, and many of which dissohe in water to form acids ; 
hitnic o.rit{es, which nuict with acidu to form salts and water, 
only ; lanic pcro.riilcfi, wliich react with hydrochloric acid to form 
cliloridea and arsochlormo, [aud»water], and with hot couccutrateil 
sulphuric, acid to form .sulphatixs and also o\y;;cii [and water], 
and wliicli do not form acids by rcactinj' with water, iinr salts 
by rcaotinj' with potash ; and ncolio pi-iv.ridc.s, whicli react with 
hydrochloric acid and sulphuric aeij similarly to liasic peroxides, 
but also form acids with water, and form salts by reacting with 
potash. 

The object of tlio present lesson is to illu.strato the classifi- 
cation of oxides iuto the four classes of acidic oxides, basic oxides, 
acidfc peroxides, and basic peroxides. Notico that this statenioiit 
doo.s not assert that all oxides belong to one or otlier of tliese 
classes. 

You are given four oxides, and you aro asked to detcrniino to 
which of the'four clas.ses named above - basic oxide.s, acidic 
oxides, acidic peroxides, and basic peroxides -- each oxide 
ebclongs. • 

‘For use in tlic experiments you arc given sulphuric and hydro- 
chloric acids, and potash solution (a solution of basic potassium 
oxido). 

Rqfer back to Lesson XHI., where the determination of the 
basic or acidic character of several oxides was worked out in 
detail. • ^ 

Examine the oxides separately. Regia by tiuding whether 
the oxido dissolve.s hi water ; if it does, try tlie cilect of red and 
blue litmus on dilToreiit portion.s of the solution ; if it does not 
appear to dissolve in water, shako with water and try the litmus 
reactions. 
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Hote. — If an oxide dissolves in water to form a coloured 
solution it is advisable to ijpe litmus paper rather than 
litmus solution ; let a drop of the coloured solution fall 
on to blue litmus paper, and another drop on toTed litmus 
paper, and then wash the papers with distilled water. 

If the results of the litmus reactions point to an oxide beiii;; 
acidic, neutralise some potash solution by h solution of the oxide, 
and evaporate, hit not to dryness (it may be necessary to dis- 
solve the oxide in a hot solution of potash compare directions 
on p. 67) ; collect, and dry thoroughly, the solid that separates 
when the liquid is cold ; dissolije the dried solid in water, and 
examine the reactions of that solution towards litmus, sodium 
carbonate, and zinc ; also test the dried solid for potassium by 
the flame reaction (see p. 54). You will thus make certain 
whether the oxide is or is not acidic. Then boil a little of the 
oxide with hydi'ochlorio aciS (about equal parts cone, acid and 
water), and notice whether chlorine is, or is not, given off ; ' then 
heat a small quantity Sf the oxide with about quarter a test- 
tubeful of concentrated sulphuric acid (see ^xiragraph in italics 
on p. 91), and determine whether oxygen is given off or- npt. 
You will thus determine whether the acidic oxide is also a' per- 
oxide, that is, whether the oxide under examination belongs to 
the class of acidic peroxides. 

If the results of the htmus reactions point to the oxide being 
basic, or if no change is brought about in the Colour of either 
red or blue litmus, try the effect of boiling a little of the oxide 
with fairly concentrated hydrochloric acid (about equal parts of* 
cone, acid and water) ; noting any change of colour, whether 
chlorine is or is not given off,* and whether the oxide dissolves 
easily or not. If the oxide dissolves in the hydroohlorio acid, 
even slightly (whether chlorine is given off or not), boii more 


^ If a pioQo of filter paper is dipi'ied mto a little froBlily»madG, very tliin 
staruli paste, and tlion into a dilute solution lii water of potassium iodide, sucli 
paper will turn blue (or brownish blue) when it cornea into contact with chlonno 
(you will understand the reaction that occurs at a later stage). This is not a re- 
action that is characteristic of chlorine, as some other substances produce the 
some effect ; but it may be used in the present experiments to aid the senacB of 
smell and sight. In applying this tost take care that none of the hydrochloric 
acid is allowed to spirt on to tlie paiier 
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lijdroeliloric acid in the. drirmjht jihiee v/iib tbo oxide, Addin;; 
tlu' oxide in Humll wuccc^^sivojioi'tioiiH, till tlie acid cciiHca lo dis- 
solve tlio oxide ; liltei', and eviijioriite the liltrate, but not quite to 
(hipiL'afi ; *ollect, and thoro/ojltlii d/v/, the solid that seFiii’iites ; 
dissolve the solid in water, andexainino tho reactions of the solu- 
tion towards litmus, sodium carhonato, :ind wine ; also test the 
polutron for a ehloride*(p. t!7). You will thus lind out whether 
the ox^dois f;u,sic ; and, from tho reaction with liydroehlonc acid, 
you will have obtained t^n indication whetlier it is also a peroxide. 
Hdte. — If no solid that cun ho collected and dried is ohtained 
by dissoKing in hydro(^doric acid find evaporating, try 
dissolving some of the oxide in diluted sulphuno acid 
and evaporating as directed above. 

If tho results of the reaction with hydrochloric acid have 
indicated a basic peroxide, hciit another small portion of theoxidu 
with about (juartor a test-tuheful of concentrated sulphuric acid, 
and lind out whether oxygen is given off. Tim re.siilt will dotor- 
mine whetlier or not tho oxide belongs io the class of basic qier- 
o.rides. ' 

^ Take (jt'catcarc in hcatinij with concentrated sul 2 )huiic acid ; 
' see that the solid is u'cU mixed with the acid ; hold the, 
tube in a test-tube holder; heat veri/ (jeiith/ ut jirst ; do 
not let the flame idau on the tube above where, the acid is; 
keep the mouth of the tube pointed awarj pom ijou ; do not 
let youfhand he under the tube at any time. 

, The results of your examinations of the four oxide.s should 
be drawn up in sindi a form that they may bo efisily eompared. 
The follow'ing tabular arrangement answers well : tlie results of 
three actual scries of experiments aro given. 


I. 



II. 

1 

HI. 

IV. 

,Sfoi/.i’n 
trith'j , (giutis 

llildnT 

A'cuflilliu (1 by .It 

gvhedin -uiU^i iiihltatiuiituitby 

ItnUrduttk 

hyihi'i hliitt' 

auJ 

II' ib'.l ttifA 

Kiiiii'iitr.Tt- if 

sufyhtoft’ a I'f 


Siuiiiim 
cfii toJiafc, 1 

Ztne. ' 

• 

1 Litmw 

FlafM bst 



Blue to retl. i 

j 

No ofCoot. 

No 

ufflN't ' 

No elFt'Of 

1 

Flumii 

livvtMiilor- 

violet. 

No chloriue 
KI\»’U off. 

No oxjKi n 
given off 


OXIDK M. 
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OxilDiii M is an acidic oxide; because it combines with a 
basic oxide, namely potassium oxicja, to form a salt. It is not 
a peroxide, because it does not give off chlorine by reacting 
with hydrochloric acid, nor oxygen by reacting with ccfiioentrated 
sulphuric acid. 



I. 

n. 


m. 

1 

IV„ 


ShnKen tcUh 
tccifor : Uimus 
OMlkli 

' with 

hydiochlorlo 
acid. 

SalNltot^in ht/diocMoi l<‘ (i(U(l omiioiali’d, iCtf , 

1 solid obtained dfssolvfil t>i tcuier and 

1 cxavilnecl by 

Hc'dled leilh 
concentrated 
sulphuric iicfil. 


1 


Sodium 

earbonaio. 

Zina. 

Litmus. 

' Chloride 
test 


O'iiuiiD. 

No ofYcob. 

DIasolTcd 
uiisily ; 
ohIoriDO 
^iVGn off. 

No olleofc. 
r 

No 

effect. 

Blue 

sHtfhtly 

vcddoiied. 

Poaltlvo 
icsult. 1 

A. little 
oxygen canic 
off. 


Oxide P is a basic ^'peroxide ; because it reacts with liydro- 
ehlorio acid to form a salt, and at the same time chlorine is given 
off, and it also reacts with concentrated sulphuric acid to give off 


oxygen. 



L 


II. 

_ 1 

ni. 

IV. 


Shahen Kith 
' water , litmus 
added. 

PfouUalised by potash, iCo , sohd obtained dfs* 

1 solved in water and es/wiincd by 

i 

Boiled icWi 
hydro^Uoiio 
add. 

1 Hfaleilicith, 

1 umrenhaln* 
stUphurh add. 



Sodium 

carbonate. 

Zino. 

Litmus, 

Flame test. 



Osinii S. 

Blue to rod. 

No effect. 

1 

No 

effect. 

No effect. 

Flitmo 

coloured 

Iftveniier- 

violet. 

Ohloriue 
given off. 

Oxygen 
given off. 


Oxide B is an acidic iiarodtide ; because it combines with a 
basic oxide, namely potassium oxide, to form a salt ; and it also 
gives off chlorine by reacting with hydrochloric acid ; moreover, it 
gives off oxygen when it reacts with concentrated sulphuric acid. 
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TmiTTIUK EXAHINAlTON OF THF. INTl.It \1TI0NS liFTWECN AUIIJS 
AND mi;tads 

Aiiimratm and maii'riuh r*jiiiir<l. - Iron ftlin^H. I'liitiinnii 
wive. Emery paper. Calico. 

The roanltHolitaincil in Ej iK'i'imcnl lL,]ji-sniin XVJ f., nho\ve<l 
that the react ions of an acnl witludirferent oxiden of the same 
inetiil are not always identical. Each of the three oxidc.s of lead 
oxauiined in that experiiueut reacted with hydroehlorio acid to 
produce what was very probably tlu' .same suit (load chloride), 
hut i(jm0 of the otha' products of the rcaetioiiB were ditforent. 
[lilxa'ot quantitative experiments have shown that the same chloride 
of lead is produced whether hydroehlorio acid rcact.s with lead 
monoxido, red lead, or lead dioxide.] 

You know' from the experiments in former lessons tliat tlu' 
same salt is often produced hy tho reaction of an acid with a 
metal as is formed wluui tho oxide of that metal react.s with the 
acid : for instance, dead chloi ide hy the reaction of hydrochloric 
*aeid with leirtl nr lead monoxido ; copper nitrate by the reaction 
of nitric acid with copjjcr or copper oxide ; and zinc .sulphate 
by the reaction of sulphuric acid with zinc or zinc oxide. Wo 
wish at present to liiid out wliether an interaetion between an 
acid »nd a metal ever results in the production of more tl'an 
one salt. 

• 

Experiment 1- Preparation of the aulphatc of iron called 
ferious sulphate loj the interaction of iron and sutphnric acid. 

Pour about two tost-tubesful of diluted .sulphuric acid (one 
part cone, acid to ten parts water) into a basin ; heat the li(iuid, 
and add about Dne-fifth of a test-tuhefnl of iron liliie's ; warm 
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for a few minutes until gas comes off freely, and until about half 
of the liquid is removed by evapordition, then remove the lamp, 
and pour the liquid in the basin through a filter, ^ud coUeot 
the filtrate in another basin. 

What is the gaa that is given ofl in this reaction ? 

A pale greenish, crystalline, solid is deposited as the hquid " 
cools. When the liquid is cold pour off the solution from*'above ' 
the crystals, dry the solid thoroughly >by pressure in. oaUoo, 
dissolve a little of the dried solid in cold water ^eep the rest^f - 
the solid), and prove the presdhee of a sulphate by adding 
barium nitrate solution and getting a white precipitate which 
does not dissolve in diluted hydrochloric acid. 

Prove the presence of iron in the dried solid : for this purpose 
make a small loop on the end of a piece of clean platinum wire 
(the wire is cleaned by rubbing with emery paper, then dipping 
it into cone, hydrochloric acid in a test-tube, and heating in a 
Bunsen flame ; these ' processes are repeated until the wire does 
not impart the slightest colour to a hot, ndn-luminous, flame) ; 
wet the loop, and dip it into powdered boras ; then heat 'in»a 
Bunsen flame until the boras melts to a clear glass-hke mass 
which fills the loop ; now take an extremely small piece of the 
dry powdered solid on to the borax, and heat in the non -luminous 
flame until all is thoroughly melted. On lookii^ at the borax 
while it is hot you see that it is coloured reddish green, and if 
you observe carefully you will notice that the colour becomes 
greener as the borax cools. Now lower the flame, '‘and turn-off’' 
some of the air that enters the Bunsen lamp until the tip of 
the small flame is just luminous ; then heat the borax in this 
luminous tip for at least three minutes, and observe the colour 
of the transparent borax ; it is distinctly greener than it was 
after heating in the non-luminous flame. 

Clean the platinum wire, by crushing the borax, ‘'then rubbing 
with emery paper, dipping the wire into cone, hydrochloric acid, 
and heating in the Bunsen flame. Make a fresh borax bead (the 
little piece of melted borax held in the loop of the platinum wire 
is called a borax head) ; take on to it an extremely small frag- 
ment of iron, and repeat the tests that you have '■performed with 
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l/lio (Ii'i(*(l soliil obtiiiuixl liy disHiihiiif' iron in (lihittnl sulphuiic. 
ueiil. 'rim rciiilts .iro tho saifto as liofort'. 

Iron, iinil compounds of iron, dis-.olvo in molti'd bnr.iv, and 
imparl a rcdilisii f'l'i't'n coionr to Uiu borax wlicn healed 
ill a hot, iion-luminouH, lliunc ; Imt xslien the lieatini' is 
, narrieti out in a Jiuniinoiis tliinio the liorax is coloured very 
palu green witli a tinge of yellow, 'riicse reactions are 
cliai'iicteristic of iron and coiniiounds of iron. (You will 
U'ltrn iiliout tliioreaction.s wbif'ii occur at a later part of 
■ » tho eour.sc.) 

This cjciicninent shnrs that tin' jmIi' i/h’ch n i/shilltiti' sothl 
ohtidnal hif ilissnlt inij inm in ininn i/tliih'i] ,i»/p/iai w nr id, 
under such rviuhlitnts that loic/iiso/rei/ inin is jiirseiit 
V'hUe, tho jirocess of sotidinH is inocccduhj, is a siiljduita 
of iron. • 

Experiment of another snljdtntc of i/on, 

called jciris ,sufdtute, Jrniii tho, sulphiiti^mnde. in Krperiincnt I. 

Now turn bade to*tlio roinaiador of tho pialo greon sulpluito 
ofiroh you liavo made. Dis.solvo tlii.s in about a tcst-tiibeful of 
diluted sulphuric acid in a basin, evaporate almost to drynes.s 
over a vern low Jhnne, stirring constantly; let cool, add another 
test-tubeful of diluted sulplmrio acid, and again evaporate to 
. dryncs.s over a very low flante, with constant stirring. The pale 
• green, crystalline, solid lias changed to a yellowisii wiiito, non- 
crystalline mass ; place tho basin on a sand tray in tliu drauglit 
jllacji, and coiAiiiuo to heat over a until tho solid is 

(piite dry, stirrimj constantlij us the drying proceeds. Repeat 
the ho/uj'-hcad test for iron with an extiemely small piece of this 
dried solid ; the rcsull.s show tli.at tiie substance is a compound 
of iron.* iJissolvo a little of the dried solid in dilute hydrochloric 
acid and add barium nitrate solution ; the formation of a white 
preeipitati' shows that the .suhstiuico is a sulphate. 

2’his e.i'iioiment shows that a second suli>halc. of iron is ob- 
tained by evaporaiiny a solution of the y/cen, crystalline, 
.suijihatc in diluted sulphuric acid, -under such conditions 
ihit the evaporatiny liijuid is in contuci with air and is 
not in coniact with undissolved iron. 
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A " consideration of the conditions under -which the buff- 
coloured sulphate of iron was produced from the green, crystal- 
line, sulphate shows that the change occurred in presence oi 
plenty of hot sulphuric acid, and that the hot liquid was sur- 
rounded by air. Hence it is possible that the buff-coloured siil- 
phate may contain more sulphuric acid, or more of some consti- 
tuent of sulphuric acid, and perhaps also more oxygen, relatively 
to the same weight of iron, than the green, c;fystalline, sulphate. 
You cannot, at present, put this guess to a direct experimental 
test ; but you may throw some light on the question of the cc)pi- 
positiong of the two sulphates of iron by experiments which bear 
on that question. 

Experiment HI. — Ohange of the buff-colmmd s%iVpliate of 
iron mode in Experiment II. into the green sulphate of iron made 
in Experiment I. 

Place most, hut not quite all, of what remains of the huff- 
coloured sulphate of iuon in a small basin, add about a tesfc- 
tuhoful of diluted sulphuric acid, and warm rill the solid dissolves ; 
then shake in about one-fifth (or rather less) of a test-tubeful of 
iron filings, and warm for some minutes ; now potrr the Mqfiid 
through a filter, and let the filtrate cool. A pale green solid, 
which is evidently the crystalline sulphate of hon, separates as 
the liquid cools. 

You seem to have transformed the buff-cokaured sulphate 
into the green sulphate by adding iron to the former. 
Comparing this result with that obtained p the second 
experiment, where the green sulphate was changed to' the 
buff-coloured sulphate by adding sulphuric acid (and 
perhaps oxygen), you may conclude, pro-visionally, that 
the two sulphates of iron differ in the relative quantities 
of iron and sulphuric acid, or constituent of suLphurio 
acid, thoy contain. This conclusion has been verified by 
accurate quantitative analyses of the two sulpliatea. 

Experiment lY. —Iteactions of potash with solutions of the 
two s^dphates of iron. 

Dissolve a little of the green sulphate of iron you made in 
Experiment III. of this lesson in cold water ; add a solution of 
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pntu'ili, iiuil iioLico the l•ol(nu■ of the precipitate that in' pro- 
iluceii. f 

])issolvu what reiimiuH of the hnir-coloureit Hul])hato of iron 
ill warm dtluteil milplniric or hydrochloric acid; add a solution 
of potash, and notice the colour of the precipitate that is produced, 
liachof thcBi) precipitatea is a, ditfi'rent liydratcd oxide of iron 
• (the precipilatu from tho green sulpliate hegiiw to combino with 
■inygeif from the air the moment it is produced). Each sulphate 
of iron corresponds with an oxide of iron. 
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LESSON XX 

PRBPABATIONS OP SAIi'fET 

Ajjparatiis and materials required . — Granulated lead. Bui-e' 
black oxide of copper in powder? Calico. 

You have now become acquainted with three methods for 
preparing salts : the combination of an acidic with a basic oxide, 
illustrated by the formations-of potassium sulphate in Lesson XI,, 
and zinc sulphate in Lesson XII . ; the interaction of a metal 
and an acid, illustrated by the formations of zinc sulphate and 
tin chloride in Lesson ~XIV,, copper nitrate in Lesson XV., imd 
the two sulphates of iron in Lesson XIX?; and the interaction 
of a metallic oxide and an acid, illustrated by the formationa. of 
copper nitrate and lead chloride in Lesson XYI. 

Before examining another method which is used very fre- 
quently for preparing salts, it is advisable that a couple of 
preparations of salts by two of the methods that have been illus- 
trated ah'eady should bo worked through oarofuily, that a good 
yield of each salt should be obtained, and that the salts should 
be freed from other products of the reactions wh'ereby they are 
prepared. 

The preparations you will be asked to make are (1) the pre- 
paration of lead nitrate by the interaction of lead and nitric acid, 
a'nd (2) the preparation of copper chloride by the interaction of 
copper oxide and hydrochloric acid. 

Experiment I . — Preparatwn of lead nitrate by the inter- 
aetion of lead and nitric acid. 

Lead nitrate is a white crystalline solid. 

Lead niti'ate is only slightly soluble in oono. nitric acid, but it disBolves 
easily in very dilute nitric acid ; on the other hand, very dilute nitric 
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aciil liaa little aoliim uii loail. Tlir olijfi'l eC .uliliii)! Hjiiatiiiif lu ul 
ami hiimi'timen w.iti'i' i.i to iiy-mn (la )iii mu' nf i'mnif;li luml to ili 
f.ulvii all tile lead, Init nut \q lumdi ai to oaiiMO the lead nitrate to 
eeiiavf^te lium the iiolutimi. 

« riitce itliout '10 "I'limst (iibiiub a tisst-tiibeful) of .tjniiittliiti'tl Imtil 
ill a baoiii of aboub !!00 f.e, (ainml. 10 oz.) Hid (hit baitiit 

' on wioi "imzo on it ti'4loil, in the ih<ufjhl phifc, iidtl ttbonl four 
■toHt-tnht'sftil of nitric iieul (lmjuiiI jinrtH cone, aciil anti wator), \Mina 
until ,a reliction begins unJ rodtlmho.mooiue.t oil", un<l then rcinovo 
,the^lamp; the reddish yiis tliat id oiven olT is nitro;Aen dioiiidc, 
coinparo the reaBtion of copper *ud nitric acid in Lr'.^mt, .V f. (p. 
08). When the reaetinu slaclcen.'i place a lotn jlimi' under the 
basin and continuo to In'itt, addin;.; it little Witter occ.isionally if 
white solid matter fnrms in the liquid, and addin;; a htllu nitric 
acid if the reaction slaclteiH niucb. J’roceed llnet until tluj wliole 
of the lead has dissoUed ; then add iihoiil a te.st-tuhefulof water, 
heat for a few miiiLites, rmi the liipiid throu;;h a lilter into a 
(ileiin liasin, pour it test-tnheful of liuRinj; water tltruut;]! the 
tiUer.pmd evaiKuate Jlic whole of the liltrate, oter a Uiw jhimi\ 
uijil n , -0111111 ipianlity of tlio liipiid deptwits white crystals when 
it is cooled in it test-tube by riiuniiijd cold wateron to the oiiKide 
of the tube. It will prohahly ho neces'-ary to evaporate the liiiiiid 
till the tot'd ipuintity of it is about CO e.c. (say a emiple of teit- 
tuhesful). Now let the liquid in the basin cool : the process in.iy 
be liasteiied b? floating the basin in cold water ; pour off the. 
liquid, into a clean .hiisiii, from the white crysbilliiie solid that 
has formed— •!{ no cry.shds appear when the liquid is cold eva- 
porate a little further and cool — evaporate this mutlu.r li'fittir 
{that is, the liquid poured off from the crystals) to about hidf its 
bull, and let it cool, when a second crop of crystals of lead nitride 
will be,obtained. * 

i’our off' the mother liipior from tho second crop of crystals ; 
if tho liquid "Simuunts to i^ioro tlian about half ti test tulieful 
evaporate it a little further, aifll obtain ii third crop of crystals 
of lead nitrate. 

Drain the crystals as thoroughly a.s possible, liy tilting tho 
basins and pressing tho crystids with a glass rod ; then removo 
the lead uitratot by a spatula, on to a piece of dry calico, and 

• n 2 
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press’botwcuu folds of calico iintil the solid is so di-y that it loaves 
no wot stain when pressed in filtof- paper. ^ 

About 85 grams of lead nitrate {rather more than half a test- 
tuheful) should he obtained. 

Keep the lead nitrate you have made; it will he 
used in Lesson XXL, Experiment I. 

Experiment II . — Preparation of hydrated copper chloride hy 
the interaction of copper oxide and hydrjoohforic acid. 

Hydrated copper chloride is a greem, crystallme," 
solid. *" 

Place about a couple of test-tubesful of hydrochloric acid 
(eq^ual parts cone, acid and water) in a basin, on wire gauze on 
a tripod, in the dra'ught place ; heat the acid nearly to boihng, 
and add about 20 grams pHtre black oxide of copper (about half 
a test-tubeful), in small successive portions, waiting till each 
portion is dissolved b^ore you add more ; if the whole of the 
oxide of copper docs not dissolve after boiling for some minutes, 
add more acid, in small quantities at a time, until the oxide of 
copper just dissolves after boiling for a little time. Evapofate 
the greenish brown solution over a low flame until the formation 
of a film on the surface of the liquid begins, then place the basin 
on a sand tray, and continue to heat over a very low flame, 
stirring constantly, until you obtain a dry, gwen, crystalline, 
sohd. 

About 4.0 grams {say two test-tubesful) of hydrated coppicf 
chloride should he obtained. » 

Keep the copper chloride you have made; it will 
be used in Lesson XXL, Experiment II. 

* 1 If a fllter-piimp is at hand, ifc is advisable to coUeefc the various aprepora- 
tiona made iu this and subsequent lesaous on a circular piece of iilter paper 
litiod over aperloiatecliiorcelaindisc. The disc is placed in afiipncl which passca 
thi'ougii a corh fitted tightly into a flabh whicih is coiuieoted with the pump. 
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lESSON XXI 

. rKErAr..VTION» op IIAHIC MUTArA.IC OXIDI’.f) 

Apiyamiiis awl 7nnfninh --Tjc.-kI iiilnitu ftml coiiiioi- 

oliloriilo nmdo in ?((s4 Tji’x.wJ!. I'l'i-miiM snlpliiiti!. L'Lit 

earthenware dish ahoufc H inches (liainetcr. 

As you proceed with tho study of Uu! salts and the oxides of 
metals you will i'md that there is* I'onorally an oxido corre- 
spondiiuf with tho salts of a metal ; that is, an oxido whhdi can 
h(3 ohtained from some, or all, of those .salts, and which reacts 
with acids to produce.these salts. 

Tho rcaction.s observed in E.qn'rimt'nt IV. of Lennon XIX., 
by’addiiiu potash to solutions of the two anlphate.s of iron, 
indicated the prohaliility of tho existence of an oxido of iron 
correaponding with each sulphate of iron. As your acipiaint- 
aneo with metallic salts and oxides hccorae.s more complete >ou 
will find that uiion a metal forms two, or more, salts hy reacting 
with tho same acid there is "oner.ally an nxidu corresponding 
■yith each salt. You will also find that in some eases tho salts 
cnnt'spomline xvith a certain oxido have not heen isolated. 

It is advisabhs at this ata^Cito pivp.ire a few metallic oxides ; 
with the objects of hecomiii" familiar with some of the methods 
of preparation of these eompnumls, and of realising some of tho 
connections hutwoen the oxides and tho salts of metals. 

The oxides you will ho disked to prepare are lead monoxide, 
from lead nitrate; copper oxide, from coiipor chloride; ferric 
oxide, from ferric sulphate (a .solution of which will he made 
from tho other .sulphate of iron, ferroi/.s .sulphate) ; and tho 
magnetic oxido of iron (ferroso- ferric oxide), as an ex.amplu of a 
metallic oxide udiicli docs not form corresponding ;jalt,'J, 
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Tlie method very often adopted for preparing a basic oxide 
from a salt is to dissolve the salt i?a water, or in a diluted acid ; 
to add ft slight excess of potash, or ammonia, solution ; to wash, 
eolloot, and dry, the hydrated oxide which is thus precipitated (in 
some cases the precipitate is the oxide uncomhmod with water)'; 
and to heat this hydrated oxide, whereby water is removed and 
the oxide remains. 

Experiment I. — Preparation of laafi monoxide from lead 
nitrate, 

Lead nitrate is dissolved in water, 'and lead hydroxide is proeipitated by 
addition oJ ammonia solution ; the other product oi the reaction, 
namely, ammonium nitrate, is removed by washing with hot water 
wherein ammonium nitrate ia Boluhlo (lead hydroxide is iiisolublo in 
water), and the wash-water at the same time removes the excess of 
ammonia over and above tvhat has boon used in the reaction ; the 
lend liydroxido is decomposed by heating to lead monoxide which 

roinains as a solid, and water which is driven off as steam, 

» 

Lead hydroxide is a white solifl, and load pion- 
oxido is a huff yellow solid. r 

Dissolve about 85 grams (about half a test-tubeful) of the lead 
nitrate you prepared in Expierhnent I., Lesson XX., in foiu’ or 
five tsst-tubesful of water in a basin (about 7 or 8 inches diameter), 
heating slightly to hasten solution ; add ammonia, little by little, 
until after stii-ring thoroughly there is a smell of ammonia ; boil 
for a few minutes, while constantly stirring the contents of the 
basin ; allow the white precipitate of lead hydroxidedio settle ; add 
a little more ammonia ; if no more precipitate is produced excess of 
ammonia has been added, if the ammonia produces a precipitate 
add more ammonia, boil again, allow the precipitate to settle, and 
again test if precipitation is completed by adding a little more 
ammonia. When precipitation is completed allow the precipitate 
to settle for a few minutes, and thejj pour off thh supernatant 
liquid down a glass rod held against the lip of the basin ; the rod 
serves to direct the stream of liquid and prevent it from running 
along the outside of the basin ; pour a little water (about three 
or four teat-tuhesful) on to the solid in the basin, heat nearly to 
boiling, stirring thoroughly all the time, allow the solid to settle. 



I\s. l AMiu rUEI'.SKATION'S OK METALUi; UXIIlES lOIi 

I 

* 

jKiur <ilT tbo liijiiid down a f'liiHS rod, add a litMo iiioro -wiitoi', 
licat wliiki stirring, allow the ^prceipitato to settle, and pour oil’ 
the water again; re}wat tliis process of wusJihuj hji iliYantatinii 
three or hJlir times, and then tost a little of the last wasldngs 
(after fdtration frc.m suspended lead hydrovidei for a nitrate as 
direi'ted on ]). 70, K.i-pormicnt I., hr^hnii AT, If a nitrate is 
not present the innmodiuin nitrate pvodnred in the intoraetion 
•)ms all lieen washed away; hence the s-olid is now piift' load 
hydroxide. If th’e w.^hings give the reaction for a nitrate, 
.washing liy decantation must he eontinued antil every trace of 
nitrate is reinovfid. Now dry t\(u lead hydroxide hy preasiug it 
hetween folds of calico (as deserihed in the preparation of lead 
nitrate) ; place the solid in a llai. eartlieiiware dish, and heat 
over a cen/ hw jlmni', stirring fre(piently with a glass rod to 
prevent the formation of lumps, until the solid is ipiite dry, when 
thn flame should lie raised re)// .s/e/Zit/y and linating continued 
until the solid l)Ccomes hull' yellow in colonr without the appear- 
anco of any red specks ; now shake, the'.solid into a dry mortar, 
rub }t into powder ’with a dry pestle, and, if there are any 
wUito particles (load hydroxide.) heat again, with constant 
stirring, over a ro.ry low Jlamc, until every p)artielo of the .solid is 
Inift' yellow in colour. 

If tlw tnniH'nitiirr <jrh loo high in convi'rtiiuj Iftii! hyihwhlr 
into h\id oxiilr, a little red lend niay he farmed hy the Ind lend 
nmniKTide. nmii^ning vdlh ixrygen in the air. 

About If) ijrnnts of lend- minioxide, ftiif/Ieient lo Jill nenrhy 
inie-foiirlh oj’vni oidhinty leM-inhc, should he ohluiiwl. 

Experiment II.- -Prepurntion o/ cojiper ihiido j'rmi copper 
chloride. 

Di^fihc a very little liydiati'il coppi'r clileiele ill water, and dividr die 
solution into two jiarls, 1’n one |iart add ammonia solution diop Ijj 
drop mad theie is a di-.tii!i’t oinell ot iiTiimmiia attii sliakiiii; 
tluivouolil} ; to the nthei'^jait :»lil potash solution diop hy drop until 
utter sh.ihiii" thoronohly tin- liipiid ehauprs, the eoloiii' of a pieei- of 
red litmus paper to hh.e I'that is, until there is an of potash 

preniut). You notie,' that .imnioniii, piodueed a pri‘i;ipdati‘, hut that 
thus piec.ipit.Lto dissolvi d when an oxet ss of aminoma w-.v i added ; 
and that tl*e pieeipitate pindiieed hy potash did not dissolve when 
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«nn cMT.s of pohii.h M-ii lufsent. It will, tlieieCoie, be neco'imiiy to 
11 T iKitii^li ^iiliitinn, iHnI not nmmniiin wiliition, as aineoiintant. 

Hjili . Ill'll I'ninii i- elilouilo i- ilisMilvfil in water, anil copimr hydroxide 
1', piceijiitalnl b\ iiddition of iiotiisU solulinn ; the othpr pioduct of 
the leiu’tioii, imnirlj. pot'ieuhim elihiriile, is reniovi'd by wasbiiie with 
hot water wherein ]iot:isJiuin ehluride is Kr.hibh' (copper hydroxide is 
iii'ioluble in walei), and the wash-water at the .‘■aino timomnoxes 
(he I'xei ss of potash over and abovu what has been used in the 
re.ietion. Tlic eopper liydroxide is deliydrated by Biispeiiding it in 
wain and Ijoiling for some time ; it is tlieii cfillected and dried. 

Lend liydroxide (see last experiment) cannot lie dehydrated in'this w.ay. 

# 

Copper hydroxide is argrocnish bl'no solid, and 
copper oxide is a black solid. 

Dissolve in ■water in a basin .about 10 grams (about half a 
test-tubefiil) of tho hydrated copper eblorido you prepared in 
Lesson JTX, Experiment IT. ; add potash sobition gradually, 
with freipw'ut shaking, until a piece of rod litmus paper dipped 
into tho liquid is turned blue ; then boil until the precipitate lias 
become blaek and graf.nlar ; iillow the precipitate to .settle; 
dmiant oti' tlie liiptid, pouring it down a g?ass rod ; add a.littlo 
water, and boil ; then let tlio precipitate .settle, and decant off Uie 
liquid; continue to wash by decantation with boiling wator'until 
the wash-water ceases to give the reaction with a drop of silver 
nitrate .solution and nitric acid characteristic of a chloride (seo 
p. 07, Experment IL, Lessuii XIV.). When the precipitated 
black oxide of copper has been thoroughly wasTied, decant off 
the liquid as completely as possible, collect the solid on a filter, 
allow the water to drain axvay, remove the- solid by a spatulij, tef 
a Hat earthenware dish, and dry it, by heating the dish, over a 
verp low flume, stirring constantly. 

.Muint ri ijnuns {say nnc-ciyhth of a test-tuheful) of copper 
ihvJde should he obtained. 
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LESSON XXII 

AJIKKAKATIOHS OF MT'.TALIAO OMDFS — CMltinUCtl 

A2)2’rii'atu!t and material rcquiird. — Forroii!; tiitliilwU'. Con- 
centrated nitric acid. Flat Cairtlionwari' diali about D inchea 
diameter, Mn-itnct. Potapsiuin ferric} auide. I’otiiaaimn Hulpho- 
cyanidc. Solution of a pure ferric wait. 

Experiraont l.—Pi'Cjiariitum a^/rndr o-ri'lr (n’d oxiilo of iron 
or iron ruat) fi'oin fen h' mtlqiliate ; the so / iidon of fei ) ic siilqjiti'ite 
heinij im'jidretl f)' 0 )ii cniHtals of fermiif: t^idpltale, (^ixm'ii vitriol). 

Hydrated fo^'rlc oxide is a foxy-red solid, and 
feri'io oxide is a very dark red solid. 

• ^Dissolve aliout i grams (about one-.sixth of a trst-tubeful) 
of powdered ferrous sulpluitu in about two test-tubesful of 
diluted sulpilnii'ic acid in a basin; heat to boiling, inid allow 
cone, nitric acid to trickle into the hoiUn;i solution, one dnqt ai 
a time, until, the very dark colour produced at llrst is rt iauved. 
and the liquid bccome.s reddish yellorv. 

You will notice that the addition of a ftnv drops of nitric acid 
ta the boilidg solution produces a very dark colour in the liquid, 
and that as a little more nitric acid is added to tho boiling liquid 
there is an outrush of reddish gas from the liquid, and a di'creaso 
in the depth of colour of the solution ; after a few minutes, and 
wliGh about a dozen or twenty drops of nitric acid have been 
added, you will notice a sudden outrush of ga.', accompanied by 
the disappearance of tli* da^k colour from the liquid. Tlio 
reactions ■which occur will he stated at a later part of the course : 
at present yon may regard the nitric acid as a reagent which 
supplies oxygen to the ferrous sulphate, and, acting with tho 
sulphuric acid, converts the form?;* into ferriV sulphate. (Com- 
pare Exjierlinhit JI., Lesson ddIX., pp. 95, !)C.) 
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Coill the yi'llow liixuid, wliiuh contaiiia ferric sulpliatc, 

t.lion mill to it 11 pliolit oxcess of iuii^inniii solution ; lioil ; let tlio 
vcdilish brown preciiutiiti' of liydriiteil ferric oxide aettlo ; pour 
nil' the liipiid fi’oin abovollic precipitiitc ; wash the proiTipitale by 
boiliipe with water, allowing to settle, and decanting off the' 
liipnil, until a little of the wash-water ceases to sinoll of 
lunnionia, and also ccasos to give the reaction (sec p. 55) with 
bariinu nitrate and bydrochlorio acid cliaractoj'iatic of a sul|ibate 
(ammoniuiu sulphate is produced in the iKaotion betweoij ferric 
sulphate and ammonia solution) ; now collect the washed 
hydrated ferric oxide on n filter, Uien transfer it to an earthen- 
ware dish, and heat over a low flame, stirring frequently to 
exiMise fresh portions of the substance to the action of the heat, 
until a very darlc red (almost black) solid is obtained. 

A/iinit ti 'jKim nfferrk o.rkla shmild ha obtahieil. 

Experiment 11 — Ptyparaiion of mcKjnntio oxide of iron 
(femwo-ferric oxide). 

Ufagnotic oxide of iron is a black solid. 

^\'hen an exco.ss of .ammonia is added to a solution contaiijing 
both a ferrous and a ferric salt, in such a proportion tbat the 
weight of iron in the quantity of the ferric salt prosout is double 
that of the iron in the quantity of ferrou.s .salt present, magnetic 
oxide of iron is precipitated. ^ 

It is not at all easy to lu'cpaie pmo magnotic nxiile ol iron ; in tliu 
presnnt experimont yon will not obtain a pni-o prep.aration, but if 
the oxporiinont is ilono with a fair amount of taro tlfo product viill ^ 
1)0 sullii'iontly puio for dciuonstvatiuj' with it Eomo of the eharae- 
(oristic propertioB of tlio oxide. 

lli.ssolve about one-fourth of a to.st-tubeful of powdered 
fermus .sulphate in throe or four teat-tubesful of cold diiutod 
sulphuric acid (if the acid is warmed some of the ferroMt; sulphate 
will be changed to ferric sulphate) ; mgasuro ol'f two portions of 
this solution, one portion being tw'ioo as largo as the other (say 
two test-tuhesfiil and one test-tuboful) ; convert tbo larger 
portion into a solution of ferric sulpliate, as directed in 
E.qmrmcnt I. (p. 10.5); then cool thin .wlution thoroughly, 
and wlwn it is quite cidd mix it v,’Mi tho smaller* portion of tbo 
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origmal solution of forroua Biilphiito ; to tho mivod .old 

a slight oxcfBH n£ aiiuuoina,J)oil for a few miuuti's, iiuil lot tho 
hlack procipitato sottlo. 

Why must tho forric Milplifttfi snliitiini hi' fuld lu furo it is miiioil with 
tho f.olntirai of fianiu'; flulplmto? 

Wash tlu; hlack pp't'ip'tahi with hoiling ’tator. by docantatiou. 
nutil^the wash -water ccasoii to give tho charactonstic roatilion of 
a sulphate with barium nitrate and liydrochloric acid (see p. 5o). 

Wfiy (1(1 you teat for a aiiljiliftti' ? 

• 

Cover tho *wn«hod mngmiic oxide of iron with ttati v in a 
hcakor ; place tlie poles of a magnet on the oiitsidt' of the IkmImu' 
opposite the solid, imd move the magnet slowly upwards along 
the glass ; the magnetite oxide is attraeted hy the magnet and is 
raised some little dist inco agtiiusi^hi' insidi' of the beaker. Add 
a little (liltiti'il hy dvo(?hlorie. acid to the w.islied magnetie oxide 
in tlip lieakor, sliake for a few luiuutes. n-lihfut. uuintLinij, and 
fdti'i'. To a ])oi'tion of tho lilti'.ito adc? a fuw drops of a solution, 
freshly muih’ in cn7d water, of potassium ferricyaniih' (rod prus- 
siafe of pot.ash) ; a greenish blue colour is pimihu ed. To annthor 
jioi’tion of the tlltrato add a fow droi'S of a solution of potassium 
snlpliooyanido ; a di'ep red colour is produood. 

Now wash a little powdiwc'd fo'rrein siilplialo in running 
water for a fi'W moments, then dissolve it in cold water, aud to 
separatr jualions of this solnlion at mii’e add (1) iiotaseium 
foi'i'icyanide solution, and {di jiotassiuni snlpliorjaniile suhitiun, 
.and notice what visible change occurs in each case. Dissolvi* a 
little jiurc ferric Riilphate (nr ferric chloriih') in diluted hydro- 
chloric or sidphni'ic acid, and to ai'juyrtilc pi'rliom of this solution 
add (1) potassium forricyanide solution, and (2) potarsinm sulpho- 
cyanide sohition, and notice what visible eliangcs occur. * 

A comparison of the results of these tests with those iier- 
formed with the solution ht cold diluted hydroeldorie acid of the 
magnetic oxide of iron shows j^m that the solution of tlmt oxidi' 
contained both a ferrous and a ferric salt of iron (the s.ilts must 
have hr(’n ferrous c/i ie; idc and ferric rhlnriih'). Tlie black loide 
of iron, tl ion, is magnetic; it dissolves in diluted cold liydro- 
cldoric acid tJ form both fermw.s and feiT/V cliloiides, and it is 
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pi’uparad liy adiliii" iiiiimonia to ii Holntion containing both a 
fern»(s and a forrn; salt of iron in a^ourtain dofinito proportion. 

In the (";pi'i'iinonta nmdc' in this Ichhoii, and in Lr.'i.y^n XXT., 
you liavo jiroparcd four metallic o\idcs by adding cithor potash ^ 
or iinniuinia, aolulion.s, ■which cnniponnda are allcalk (soo forward, 
La’^nii XXVJTf.), to solutions of salts of the metals, and heating 
the liydvated ONidos thus preeipitntod. This is the mcthod,moat 
conunonly employed for tho preparation of basic oxides of 
metals. In fonuor lessons you, prepared several oxides by 
causing elements to combino directly witli oxygen ; magnesinfir 
oxide by burning magnosinm in air, and lead oxide by heating 
lead in air {Lcuson T^.). iron oxide by allowing moist iron to rust 
in air {Lesson IX.), and water by hurning hydrogen in air 
{Lesson X), 
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. LESSON XXIII 

, l'lilA*.USATIONH Ol' SAIj'I'H 

« » 

Ajipamtiis and materials reqaiml. — L!,iriuiu ijitiutf. I’otiis- 
sium oxiiliilo. * Lt'iul nitrate.* I’ota.-i.siimi ioilule. La^'u baaiii 
about 8 inches diiunutcr. Calico. Ferrous Hulpljatu. 

The uicthnils for preparin'^ .-alts ■\\liich h.ivu iihi .uly been 
illuHtrated arc (1) the interaction of Imsie and acidic oxides', 
(2) the interaction of niefals and acids, (!i) the interaction of 
luclallio oxides and acids. Of the other niethodd, tho most 
connnonly nsed are (i.i the inter,ictiiPi^of two salts, and (ii.) tlio 
inti'i'ai'tion of a rah ainl an acid. 'I'hc lirst of these nietlioils 
will be iUuiti'atdl in tin' invsent Lcbsuu, and tlie second in 
X.U r„ -YA'l’., ami A'A'17. 

Experiment I. — Fu-paraiton of Inn iiiii:i'.rtiltile[aitd jivUc sni m 
iutr<ili‘) hy the intriuctioa of solntioiis of hannin niti'iitc and 
pota^fiiinii oxidate. 

Till,' iiuiiiiu't. of llic iiitu.iutiiiii of Biilutimin ut tlie .-nll-j leuiuiu nitiuto 
iiiul iiut.i- niiii (1,'v.tliiti' ,uu the -alts harium iiMiliite ainl jiuta-aum 
nitral *. riunnm exalatt' i> iii.irlj'iij-olulJf in water, tho otlier llaeo 
s.ilH am 1 olulile in w.itu' ; h.nuim nx.ilati i;,, theieliii'e, piecipitateJ 
when suliition , o£ ji()ta"i.inm OMilute unit Imriuiii nitriitii are mi.'.eil ; 
and the imeiiiitato can he nhtaincd tree from the othar salts by 
wauhiiie with water. 

• •• 

Barium oxalate is a white solid. 

l)issolv3 'about iO ;tram.s ])owdert'd potassium oxalate (about 
one and a half tcst-ttibesfuljln about tiUO c.c, (about ten te.st- 
tubesfull of xvater in a beaker, warming and shaking until 
solution is completed. 

If the acid oxalate of potassium (salt of sorrel) is used, 
about ftO grams (about three-fourths of a teht-tubeful) 
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■ahoiilil bu tiikoii ; tliin woi^hfc will re(iuiro about 700 
to HOll o.c. (say 25 U■.st-llllH'^vflll) of wiilur for Holiition. 

W’liilo tbo Koliitiou of till) yotasiiiimi oxiilato is proouL'diii;.; 
di iiinho about 50 “nuns (about ii tust-tubotiil) of baridin nitratu 
ill about 100 0 . 0 . of wiitor (about iO tost-tubesful), in a largo' 
b.’O'in (,tbout‘200 iiiiu.— 8 iuclios diauiutor), warming and stirring 
until Solution is complotud. 

Heat tile solution of buriuni nitratu to boiling, and pofir tliu 
solution of potasaiuni oxalate into tlio boiling liipiid, s^tirring 
vigorously, until no precipitate is formed wliun a littlu of tbo 
potassium oxalate solution llowa into the clear ifquid above tlai 
precipitated barium oxalate, that is, until precipitation is com- 
pleted. Now pour olT tlielbiuid from above the white precipitate ; 
add two or three teat-tuhesful of watiu', boil, and stir vigorously, 
let the solid settle, and iliv;aut olf the supernatant liquid. 
lle|iuat this |)roeosu of washing with hot water by decantation 
lliieu tinu's : te.st a little of the third lot of wash-water fora 
iiitr.iti' (iiy till' reaction n7th cone, hulpliuric, acid and solution of 
iurrous Milplmte, "ui' p. 7(1), anil also test a ntlle for an oxalate 
(see below). If ju illier nitr.ite nor oxalate is found the washing 
lues reniowd all the potassium nitrate fonned in the reaction, 
and also all the iiotas.sium oxalate which remained over and 
above xvhat was used in the clieiuical cliange. If either nitrate 
or o.xalato is found the washing with hot water b^ decantation 
must be continued until ibu nUi'ale and oxalate are removed. 
When this has been done thu barium oxalate k pure. 


Kct'j) the barium cwalatc, ivithuiit dniuiii it, fur use m 
Lesson XXri. 


Test for an oxalate in solution.— 'J’o the solution add a 
slight excess of ammonia, then acetic acid until the b’qnid 
is acid to litmus paper, and then a little calcium 
chloride solution ; if a whito precipitate forius it is cal- 
cium oxalate. 


Experiment II. — Fi-cjmration of lead iodide and 2 iotasmim 
nitrate hy tlis intenwlion of solutions of lead nitrate unci 
potassium wdidc. 
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Thu Milts luiicl nitiati' iiiul imUniiim ioilhlu luiict iii thu lunitinlioii uf 
ilium -t uMictK I'liuiU iiiiit. hy \\ri|;lit ; tin- jmuliu'tj of lliu ii iU'Uuii 
ari the '.lit' h'iiT ioiluh' iiiit pitta .siuiii iiitiiitt. 

Ill ail ijiti.ili iliM.iiUiM ill iihuut fiiiii-tlttliii i;£ iU isci iht of liiiilmi; 
Miitii", liaitl miliilu ill iii arli iiu uliiliti' in fnlil naliT, Imt it ilim ulvuj 
i.ii(;)itly in tiiiihiii' Mutir; pnUf .iiiin iiitialc ili.M.hii. in ahulit two- 
littli'. Ilf it 1 wiai'hl u£ lioiliii}; v.iit™, Imt it n ipi'ii a uliitnt rinir timi'H 
it'i wi'ia-'lil (if wnfur at tliu urilinaiy tianpriauni' to riliiiii it in 
«olnlion ; iHilasiiimi ioiliih' liih-nUfi, in iihnut half ita vviii-iht of boil- 
iiii^Mvatcr, niiilln lathirniuiu tliiiu half il‘ iniylit of luilur at thu 
iiriliiiary tniiipuratiifu. 

I Those ihita ^how that if i.ijhiliuiii. of uppi'ii\inniti'Iy rijn.il pail i hy 
Mi‘i"ht of hail iiiliats timl *iiutii- -iiim imiiite in hoiliii;,' ivatoi are 
iiiixoil, anil the linnul ia eni'lnl to the orihnary teinpi latnre, the 
whole, 111’ iilino' t the whole, of the h ml milnte founi il uill .ni.oa'e 
from the euhl hipiiil-, ami if the Iniiinl i ileiMiiteil oif, aiiil tvaini- 
I'ateil until it ilipiiiitj enalal, on conliii:;, im-.t of the potii ^itmi 
nillMte that hie. hnu haineil will’ ipai ate, with Imt it ly little, or 
)ierhajia with none, of any e'.ee', ; of iiotaa.-.niin loiiiile that may have 
leniuiiieil inn haii};i'il in f he le.ietion. 

Leiiil iciilliU' i'i it yelliiw, luatrmin, lU’y.itiillimi aoliil; 
liiitTuisiiim niti'iito It 0 pit I'll tun from u .aniliition in luiio, 
i^ilyui’luSK cryKtiily. 

Wi'inli out fairly iicuur.ituly 10 •-'iMtii.i nf iiowiluii il luiul 
iiitViitu iitiil 10 e^iaiiir; Ilf pula, 'Slum iiiilnlu ; ili ; .ulvoi auli iiiabuiit 
a tost-tubuful of lioiliii'^ water ; ini',, tlm two suliitioio. in a lie.iKrr, 
mill uoiil the yipiid tlioriniohly by nmniuo uoUl walur ini to the 
mitsiilu tif the Imiikur. W lion tliu Iii|itiil is unite ei'lil peiii' it tuul 
tlie .siiliil li'iiil iiiilitle on to ii iiltor ef eiilieu pliu-eil in ii funnel, 
iiHtl I'lilli'Ct ^lie tilti’.ite in a Imsin ; wiisli the leiel iuiliile on the 
iiltur n few times It ith ,sn;,i/f qihinlitlih of cold water, iind add 
the wiialiinos to the filtrate ; evapunite tlie tiltnitn iind ■wasliiiiy^s 
to about oue-fimrtli ef its hulk, and itlluw it to eonl. 

\?hile the liipiid is cuelino dry the lead iodide hy i!i|ueei'.in,!.' 
the calico lyter, tlien transferrin" the solid to dry calico and 
piressing it repientedly. * , 

Ahdiit 12 y/’itms’ of hvd ioiUilc (vin/, m'arbi vnc-thinl of a 
(est-tuhoful) shoulil he ohtdlncil. 

When the liquid which has been filtered from the lead iodide 
and evaporiited.is quite cold, decant it from tin; crystals that have 
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foruii'^, oviiponiti' tliu (k-canti'd liijuiil a liltlo fiii-Llioi', and loL 
it CDol. Now ooUtict and dvy, liy ^iveHsuro in liltcr paper, both 
crops of wliitr crystals lliat have. l)ccn produced ; if these crystals 
are mixed with any yellow iodide of lead add jiust oitoie^i cold 
■Hater to ilisHolvo the crystals, filter from lead iodidu, ovaporatu the? 
filtrate nearly, l/iit not quite, to dryness, cool, and collect and 
diy the wlute crystals that sopHiriito. 

Trove that the white crystalline solid is a nitrate (see J. 70), 
and also prove that it ia a compioiind of pptassium (aeo p..G4). 
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* LESSON XXIV 

IN I’KliAOTIONS t)F ACIDS AND SADTS. TUUl’AUATIOKS 01' 
ACIDS, AND nr SALTS 

4 

Aitpamtus and matnuih'* I'ntas'iDnii dilnriilo. 

Flat oiirlheinvaro dish. ’/Anc. Sndiuni cai’linnati'. Tjitmna 
Kohitirms. Bihi‘1' nitvato suliitidii. Flask, ahont to lU’.., with 
"cod cork. Fuimcl tiiho. (tkosj tuhiii'i. Files. Calico, 
riatiiiuin wire. ' 

'I'ho pn)ihKits ol' w'h.it may ho callod a vnniuil rt'antion hrtircen 
an arid anil a naU aru aiiothor aciil'aiid anothpr salt. For 
iiifdaiicc, tho salt iMitas.wium chlorido reacts with sulphuric acid 
H produce the suit potassium siilphati' and li_.di<ichlorie acid ; 
and the salt hnrinm oxalate roaet.swith sulphuric acid to jiroduco 
tho H.ilt hariuni sulplmto and oxalic acid. 

In some cases ri'condiiry reactions occur between some of the 
interacting compounds, and other substances aro produced 
bcsiilos the normal jirodiicts of tho reaction, that is to say, 
besides the new silt and tho now acid, Konietimes th(‘ acid 
'wljich is nn(?uf the products of tho reaction sopar.itos, nnder tho 
conditions of tho reaction, into two or more bodie.s so completely 
that the acid itself cannot be isolated. 

In this and the next lesson wo shall exaniino two instancoa 
of tin' normal reaction between an acid and a. salt ; namely, "the 
reaction of ]iolnssiuni chlorido and .sulphuric acid, and the reac- 
tion of lead 'litrato and sulphuric, acid, Tho expenmonts to bo 
performed will illustrate inolliods th.it are very often employed 
for maliine acids, and also methods for maKiii'; salts ; for m this 
le.sson wo shall prep.iro hydrochloric acid solution and the salt 
potassium snlphato, and in tho next lesson wo shall make nitric 
acid and the salt load snlphato. 



PHACTICAL {’HEMISTIiY 


rKSHON X\IV 


III 


Eiqieriiiient I. V) I'lumition of Injilrochhi ic acid sol ulion and 
siilphalc, l>rj the intera^lion of sulphm'W acid and 
jui/inconm chloride. 

Am luilioi'liliiiin aeiil, an miuoona solulion of wliii’li is to lio jircparoil, 
iM )MiM('iiiiM lit niiliniiry tmipi'i-aluiTS, it is veij’ piisily Sf'imiatiid fioiif 
11iC()thi'riiiii'ii6i'tint{<'OiniiomiilH, lumiinf wliicli is volalili' at a^nindo- 
vati' lenipiMaturo 


I’otaRsinm sulphato is a wliito crystalline 'solid, 
easily solnblo in tvator or dilntod acid solutions. 
Ilydi'ocliloi'ic acid gas ia eolonrless, fumes niucli 
the air, and dissolves very easily in water. 

Place about 80 grams (about a te.st-tubeful) of potassium 
cbloridc in a flash of about 800 c.c. (10 or..) capacity, fitted with a 
j, good cork carrying a thistle-hoadod 

I );ubo and a glass tube whicli is bent 

twice at right angles, the longer 
limb being nearly 400 mm. (15 
inches) long. Set the llask on wire- 
giiii/.G on a tripod, and let the glass 
tube dip into G or 8 te.st-tubesful rf 
water in a boakor (sec figure 28). 
Pour into the flask sufficient cone, 
sulphuric acid to completelymoisten 
the potassium chloride, and shake 
until the solid and the acid are 
thoroughly mixed. See that the 
lower end of the thistlcr-hGaded tulie 
dips beneath the acid in the flask ; and warm the flask vein/ 
(jenlly. A reaction begins, and hydrochloric acid gas is given 
ofl' and is dissolved in the water in the beaker. Continue to 
heat, over a vary low flame, shaking the flask from time tor-time, 
until the evolution of gas has nearly ceased ; then, without turn- 
ing out the lamp, lift the flask fi'ora^tho tripod, aiTd place it in 
a draught place, leimng it there 'cill it is cold. (If you put mil 
the lamp before removing the flask, the solution of hydrochloric 
acid mill/ run back into the hot liquid in the flask and cause a 
dangerous ebullition.) 

Bhalio the aqiiooua solution of hydrochloric ac-id in the benlcor 
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until it isi till, ninthly iiiiM'd, {initi- u mtv Ht.tli' uf it infif.i li .si- 
tiiliu, mill lulil ii t'l'W ilruiii Iff liluu htmus Milutiuii ; tlir 
lilui, (‘(iliiur ell, ui, I, 'I S to I'cil. * Pour Muno iiioro of tlio solution of 
liyili'oolilrti'ir iit'iil into ii tist-l.iilu', mul iidil ;i tow small jiicoou u{ 
oranulatoil ziiu", altor a fow luiiiutos llio /iiic lu‘';i!i.s to ilissolv,', 
muni, yas is yixou otf wliioli lalios liro uitli a sli'^ht osiilosioii 
wlioii 11 tii}ior is lu'ouirlil to tlio luoulli of tlio tulio ; this is 
h\iln'>i.;on. Pour |il)oul a oouph' of toMt-liiliosful of tliu solution 
of hYilj’orliloric! acid into a hiiKin, add a ji'ir ilrojrt of blue litnni.s 
stjlution, and thou a dilnt,' solution of oaiudic [lotash, ilrop hi/ 
ih'dp, ivith onibliint .stuvuv;,* until tho ouloiir of tho litmus 
ohim''0S to pui'jilo ; tho acid is now noutruliscd by tho jiotiish ; 
ovaporato this liquid till fvutli forms frocly on tho huiI'.ioo, and 
lot it oool ; colloct tho solid that foiins on cool in, q, and pros.s 
it hctwoon oalioo luilil it r. pi'yjivtj!/ '^‘!l •' dissolvo tho dry is, lid 
in a littlo wator, add a fow drojis (,f nitric acid, and thou a vory 
litthi solution of silvor nitvato ; tho formation of a white, cnrdy 
lircLupltate, which diirbous on oNposuri^to smiHliine, shows that a 
(dilorido is presont* llonec tho hydrochloric acid has ri>aotod 
witli potash to produce a salt of hyilrochioric acid, that is, a 
chloride. To a littlo nuiro of the solution of liydrochloric acid, 
in a test-tube, add a, littlo solid sodinin carboiuite ; a .qiifi is 
.Ltiren ntf. Decant this into a /ittir lime water in a tost-tuhe, 
and shahu tho lime water ; a lurhidity, ,lue to formation of 
calcium carbonate, i.s produced in the limo water : this provc.s the 
.oas to be carhoii dioxide. 

^ 'J’ho solution olit, lined by leadin.q into water the pa.s produced 
by tho iiitcniction of potassium idiloride and sulphuric acid is 
Ihererorc a solution of an acid; it dissolves a metal (sine) ."ivinq 
off liydrooeii, it dccoiuposi‘S a carhoiiatc (sodium c.irhoinite) 
giving off li.irhoii dioxide, it turns liliU' litmus red, and it 
neutralises an alKali (caustie. potash) foriiiimc a salt. 

Now turTi to tlio eon^ents of the IhisK. The white solid in 
the llask is potassium siilpha?o. A.s some sulphuric acid, and 
probably also a little hydrochloric acid, will he adhering to the 
salt, it will be ni'cessary to freo it from these impurities. The 
puritioation can ho accomplished by itissolviui; tho potassium 
sulpliate in wrder, and crystal liain.'j; it ; if this process is repeated 
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tho Kolicl salt will bo obtiiinofl free from tlio aeiils, wliioli will 
romiiiii ill solution in tho watov. | 

roiir tliruc or four tcst-tiiliosnil of wiiter into tlie flask ; 
wni'in, and sliaki' until Uui aolid is dissolved ; pour ^lie liipiid 
into a hiiaiii, uMijioratu ovor a Iov< Jhuiiii until froth hoRins to' 
form on the sui fiicr of the liquid, and allow to cool. 'Whnji tho 
liquid is quite cold, decant it from tho white crystalline solid that 
has separated, into another basin, evaporate q. little further, and 
let cool. Dram the first crop of cry.stals as thoroughly as 
possible ; then transfer them to a piece of dry calico and prqss 
them till quite dry. Dissolve tho dry crystals in a litlle w'arm 
water. Now drain, and dry, tho second crop of crystals, and 
dissolve the dry solid in tho aqueous solution of the first crop of 
crystals. Evaporate the liquid, over a until a small 

quantity in a tost-tiibo deposits a white crystalline solid when it 
is cooled by runninf' cold waiter on to tho outside of the tube ; 
then let the liquid in the ba.sin cool; collect, and dr// thoroughly 
(in calico I, the cry.stiits of 'lotassiiim sulphate that have separated. 
The dried ci^istuls .should bo tested for a potassium compound 
l)y the flame to.st (p. Cl), and for a snlpluitu hy the barium 
nitrate test {p. CC). 

Ahout 20 (jnme {tthoui thrco-pmrths of a tcst-tuhoful 
of jnitas/nwm nii^ihatc sluuihl be obltiiiieiL 



i\ 1 ui'; \t' noN.-; uK Arms with 


117 


LESSON XXV 

[NTl'K\<jriONh 01 'ACIDS AND SlI.l'S - I'lnil' lllli d . I'UlH'AIi \'l ION'S 
• or’ ACIDS, AM) Dl' SM.'IS 

9 

Appiiratu'i and nintti idlh I.i-ii'l uitr.itc. Fcn-oiis 

Hiilphatu. ZiiiL’. HoiliitDi (.■lU'tioiiiitf. IjiIiuiis. Sto^ilH i'nl d tmf, 
about T) oz. A llask of about I! (is. t.iii.icitj . (lalii.o. Small 
oai'tlK'iUvare dish. 

y 

Experinieut I. /'o j'iivii!iiiii (■/' idhii' m id and lead ‘atlpliatc, 
III/ the ^Hli'HU'tii'ii (if •aiijdinie- <n :d and lead nitiatc. 

• 

Niliiiii la'id i.s 11 linuid wliich is e.i'iilj Milatiliia'il lij lioat: it can, tiii'ic- 
i'lni', Ijc M'lmiutnl fiuui thr; otliia iiitia acting C'oiiiiidUikI-, li) cai, in ,■ 
It to \ulatili,A' and tlani coiiili ii^iu;' the j'.u to liuiini b) ('oijlini. 
Wiicn rati'ic lu id i. Iti iitcil .siuiii' d it i-. di coiiiI'd-C'!, tii i.ati i' ninl 
oxidcH of iutii);;pii ; tlm acid ubtiiiiicd in tin. (.siaiiUH'iit mil not, 
tlicicfoli', be imrc. 

Load sulpliato is a white solid, iusolnblo, ui v. ator 
or ill diluted acid solutions. Nitric acid is u colour- 
less, acid linuid; but tliii acid obtained by Lbu mctluid 
of tlii.s cixpcrinicnt is coloured yellowi.sli rod from 
tile prosciice in it of oxides of iiitro.i'cii. 

i’lacc about 110 uraius (about halt a test-tubosful) of lend 
iiitr.ito ill a small tubulated ictort of about ITiO t'.c. (15 oz.) 
cajjiv-'ity ; if the solid is placed in it pieco of ^dii'/td paper, 
and the edi'es of the paper aro brouiiht toi'cther, it is easy to 
slialte the iTolid into the retort thrmu'h the tubiilus. Set the 
retort on a stand, and leJ its heak pa'is into a small llask plticed 
in a dish of cold water (see figure 20). roiir into the retort, 
through a funnel, ahout 10 e.c. (s,ay one-third of a teHt-tubeful) 
cone, sulphuric acid. Put the .stopper into the tnludns, and 
•warm the rot«rt (jentla; a reaction begins after a little, and a 
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yollowwh Himid sluwly eoml('iiHes in tliu sii’ixll flask. Should 
tho Kiuiill Hank gut warm, cover it with somo liltor paper and wot 
this [liipcr from time to time with cold ^\ater. Ooutiiiuo to heat, 

i 
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over a Uni' jlainc, until tho reaction has nearly ceased; remove 
the retort to the draught place, taking care that the small flask 
eoulaiiiiiig the nitric acid does not tilt over in the water. 

Fiuni 10 to 12 e.e. (ahoui une-ihiul of a tcst-tiihc^ul) 
of nitric acid should be ubtiiincd. 

I’rovo that the liipiid produced in tho reaction (1) reddens 
litmus ; (2) reacts with a metal (say zinc, or copper) giving off a 
gas which is evidently not hydrogen as it is coloured reddish 
[conqjare reaction of nitric acid with copper (p. tf8) and with 
lead (p. DO)] ; (3) reacts with a carbonate (use sodium car- 
bonate) giving off carbon dioxide ; and (4) neutralises potash 
solution forming a solution from which on evaporation a solid 
separates that givos tho reaction of a nitrate (see p. 70) after it 
has been completely dried : for neutralising potash use about a 
fom;tli of the quantity of acid you luive prepared. 

Tho liquid obtained by heating lead nitrate with sulpliuric 
acid and condensing tho gaseous product of tho iivtcraotion is, 
then, an acid, and it is nitric acid» *■ 

Now turn to ilie contcuts of the retort. (Juickly pour a good 
deal of water into tlm retort, m the draught place, shake up, and 
let the solid settle ; pour off the liquid, and continue to wash tho 
solid by decantation, with cold water, until the^ icashings are 
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'perfectly neutral litmus. Only the* first wiishings ijici.l bo 
done in tin; tlnuij'lit platic. TIk* uxuosh nf sulphuric acid, and 
any nitric acid that may liut ha\c been driven off by the 
hea.li)i,^f, are thus washed away, and only lead sulphate reniains. 
IJe sun', that the waskiitij jnoec.SH i.s iiat eonmeneed until the 
L'liiite.nts (f the H'tart aw quite odd ; if water is added to ■warm 
Cone?, sedphurie acid the acid may ho projected from the vessel 
and may cause very serious burn.s. Dry tho solid, after it has 
been thurou^ddy washed, by pressure bi.-tween calico, and then 
bj heating it, in a flat earthenware dish, oicr a veiy low Jhunc. 

Aliout 20 grants (fully oij^c-thiril <f a tcst-tubefid) of had 
sulphate should he obhiiued. 

The methods empluyid in this and the prccodin;' lecion 
for preparing nitric acid, ami a .solution in water oC hydrocldoric 
acid, are tho.se general'y u.sed for uiabing acids which can be 
vidatilised by heat. 
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LESSON XXVI ' 

INTUltAOTIONtJ OF ACIDS AND HAI.TS. TKEI’AHATIONB 
OF ACIDS, AND OP SMjTH—Cvnliltued 

and matcriah required . — Lend oxidate. Moist 
barium oxalate made iu Lex, sow XXTIL Apparatus to make 
sulphydrio acid ; iron gulpliido •, commercial liydroeliloriG acid 
diluted with twice its volume of water. Widc-iuouthed buttle of 
about H os. capacity. Calico.^ 

Two inatuDcos of normal reactions botw'een acids and salts 
will be examined iu tins lesson ; namely, the reaction between 
lead oxalate and .snliiliydne acid ^'iving lead ,sulphido and oxalic 
acid, and the reaction between barium oxalate and sulphuric deid 
givin, II barium sulphate and oxalic acid. Tho.se I'lMictious iUustrate 
the method commonly employed for preparing an acid which 
cannot he volatili,sed hy heat, but which can bo crystallised from 
Water. A salt of the acid is caused to react with another acid, 
such a salt and .such an acid being selected thatrthe new salt 
formed can bo separated easily from the now acid produced, and 
that the excess of the acid used in the reaction can ho removed, 
or that the reaction can be accomplished xvithuut employing 
an excess of the acid. A lead salt of the acid wished for is very 
often decomposed by snlphydric acid, or a barium salt by 
sulphuric acid. 

In examining the reactions studied in the present los.son wo 
shall concentrate our attention on the oxalic aeiiL- which is a 
product of both reactions. 

Experiment I . — Preparation of oxalic acid, and lead .sulphide, 
hy the interaction of snlphydric acid and had oxalate. 

As oxallu acid is a Kolid couiiiouuil wUieli is dacnniposcd by beating, 
this acid cannot be hcparnted from the other intBnwtiiiK compounds 



Iv'UACTinNS ul' Arn)S WITIt .SAIX-^ 1‘21 

^ ft 

by vobilili'-in,'; it, ai wa'; ilc'iu- witli hjilnichb'iic uciii ami iiitifl^ aiiil 
ill till' la: t li nils. OMiliij iii'ut I'.iii In' I'lj.itiillisi'il frniii auti I ; of 
till' iitliii' linmiHtuinl 1 wliu’l^taLi' jiiii't, m tlii' rraLtimi, b'.iil tmilati 
ami b ^il niiljiliiib' aui ill•^|ll^lbb‘ iii w.itiT, ami mliiliyilriu lu'iti iJ a 
i;iui wliii'li laii bo roailily roiniivrii fimu a ; nlutioii by biiilitit;, 

Oxiiliii acid soiiaratofi from lui aiiucoua .solutiuu in 
’wliitc crystals; Itiail sulphide i.s a nearly hlack solid. 

♦ 

Lratl (I'lalato in caatii'il to roaot ftitli ulplijibii' aciil p.i'i in prcsi iico 
Ilf ij’att'r; tliu oxalic neiil that h pr.iilmril ib.ii'nlvi .in tbo nnti'i.aml 

, tbo ntlior iiroduot of tlic lo.iotimi. iiaiii.'ly, b .nl s,iilfibiili.. ri iiiaiiis as 
a solid. Thoto is siiinu dilUedIty in I'.iiiaio;; flio rouitirni to miii- 
plotion birausii the solid pailiolo ' of b- id .iilpbidi' ci.at tlio ji.n linli ■ 
of lead uxalaio and ini \ont coiitact li.'tio.ii tlio o'.. ditto and tin 
Buljiliydi'io aciil (;as. 

PliU'.o aliout IKI tj't'iiias lend (KMilate (about a te.st-tubel’iil) in a 
wido-numthed bottle of .ilicmt 11.10 e.c. (.tboiit H or..) tiapatiity, till 
the bottle to aliout tlivi'o-fonrth.t with water, and pas.i in a rapid 
Htrt'am of Hul[ihydric acid ttivt (made By (ho reaction of iron 
sul])lii,deand bjdi'oebloric acid in a fuir-.si/.ed apparatus), .s/tnitXd 
tka, inUtlc, uhimt rcmstniitlif, to oxpo.se fresh jtortioim of lead 
oxalate to the action of tho gas, until all tlto solid partiide.i in 
the bottle are black, that is, until the reaction is completed. 
(If a beaker were ii.scd it would probably he broken during the 
shaking.) 

From 10 to lii minutes will bo reijuired to decompose the 
whole of the lead oxalate. 

* When the Reaction is completed pour tho liipiid through a 
filter, retaining as much as po.<.sible of tho hlack lead siiliiliido in 
the bottle; wash the solid with water three or four time.s by 
decantation, pouring tlie washing.s throngli the filter ; place tho 
Bolutioix that has como through the filter iu a hnsifi, evaporatb 
it, over a rcry loir flame (.seo Note, p. liW) to the crystallising 
point, and alloV it to cool ; ^lour oil’ tho mother liquor from the 
crystals that form, evaporate this liquor a littlr Jiii thrr over a rrrp 
low flame (see Note), and let it cool. Collect the two crops of 
crystals of oxalic acid, and dry them by pressure between calico. 

- About 4 ijrains of oxalic acid, mifllriciii to fdl ahoul our- 
ciijhth of a tost-ittbe, ehouhl be obtained. 
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'(Yvr..-~Jii cvapomtiiiij ilia uqitimts soluiion of oxnlk acid 
tliejldiiuriitiixl.hcloH'ocil as the. jii ihition becomes less in bull:; 
if ill 0 sides of ihc basin above the Vujnid are, dircethj heated' bij 
the jliimc .some of the aeitl will be decomposed, Ofalie acid is 
easily decomposed by heat. 


Experiment II . — Prepumtion of oxdlie acid, and hariiuii' 
sulphate, hj the interaction of diluted sulphuric acid aiuhbarium 
oxalate. * 

Barium oxalate is nearly, and barium sulidmto is ijuito, insoluble in_ 
water ; oxalio aeid, ns you kiii^w troin the robulfc of tiro last expori- 
nu'iit, can bo cryEtallisod from water. 

Earimii oxalate is caused to react with Hulphuric acid in presence of 
water ; the oxalic aeid that is produced dissolves in the water, and 
the utlier product of the reaction, naimdy, harium sulphate, rotrtahra 
ai5 a solid. Theru in diliijulty in c.ruyinp! the reactiorr to cuirrpletron 
lueausotiio solid p.iniclea of barium sulphate coat the pavtiolusof 
liiriuim oxahitc and pievcnt contact liotweeir file oxalate arrd the 
sulpliuiic acid. 'J'lo*ipiantitic.s of the barium oxalato arid sulphurio 
field uie aiiaiij^ed so that the icaefiou is jiis^ couiplcted, aud no oxooss 
of either of tin m; couipoundH rcmainii over; it any aulphurie acid 
reiiiain.s over n reirction will occur between lliis acid and tlio osTrlio 
acid, wlien tlio liijuid is eviipoiated, wliicli will result in the do 
eoiiipo.'ilion of sonic, or it may ho of tlio whole, of tlio oxalic acid ; 
if any barium oxalate remiiijis oror a hltlu of lids will jiass into 
solution, and will be obtained mixed witli tlio oxalic acid wldcb 
crystallises from tbe cvapoiatcJ liijuid. 

Place the luiiist bariiiui oxalato prepared in E.ejuo iment I., 
Lesson XXIII, (p. 110), in a basin about H incbosi diameter, aiH 
eiyht or ten tost -tubesf ill of xvator, and about tlu'oe aud a''lialf 
tost-tubosful of dilute Bulpburic acid (ono part acid to ten parts 
ivator) ; heat to boilin',', siirrimj coustaHthj ; keep boiliiiy for 
ton or fifteen niinutoa (two Bunson lamps may be nypiired), 
adding a little water from tium to time to take the place of that 
removed by evaporation. The boiling must continue for somo 
time, else the solid barium sulptiato lijrmed will coat the particles 
of barium oxalate, so that the reaction will not be comidoted. 
Let the solid settle ; pour off ii little of the liquid into a test-tube ; 
teat a portion of the clear liquid for sulplmrio acid, by adding 
solution of barium nitrate ; — if a white precipitate forms, and this 
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pi'i'cipituto (locH not dissolve in dilute hydroc.hloric of nitrie^ieid, 
siilpliurie itc'id is ))i'es('nt (C'uieuiOd ii-stin'i for a sidiihttir., p. . ')■')) ; 
tost luiotliei' portion of tlie cloAr liipiid for a barium eompnund 
by uddin^f a fow drops of dilute sulphuric acid, which precipitates 
wliitc! barium sulpluito iuholublo in acids from a solution cou- 
Uiininpia compound of barium. 

If the solution is ipiite free from sulphuric acid and contains 
a barium compound,* this means that all the sulphuric acid that 
was added at the begiiming of the process has entoved into 
i-eiidion, and thaj some barium oxulato remains unchanged ; in 
this case add a little dilute sulpkurie acid (about oiie-touth of a 
tost-tubeful) to the conteuts of the basin, boil, ivitk con.dtint stir- 
rimj, for about five minutes, adding a little water as the boiling 
proceeds, and then repeat the testhig for sulpliuric acid and a 
compound of barium in small portiims of the liipiid poured off 
from the solid in the basin. Should the first testing show the 
prusouee of a distinct ipumtily of sidphnric acid, and the absence 
of a barium compound, in the liquid pjoul'cd olT from the barium 
sulphate in the basin, this means that the quantity of aulplmric 
acid abided has been more than enough to decomirose all the 
barium o.\alatu used ; in this ease add a very little solid liarimu 
oxalate to the contents of the basin, boil for about fivi' minutes, 
with condo at etirrauj, and addition of a little water to make up 
for that remuveij by evaiioration, and then repoat the testing for 
sulphuric acid and a barinm compound in small portions of the 
liquid poured olf from the barium sulphuti' in the basin. 

* 1,’roeeed as* directed — adding either a rcr// little sulphuric 
acid or a vety little barium oxalate, boiling for about live 
minutes, pouring off, and tosting— until tho filtered liquid is 
found to he free from barium compounds, and to contain either 
110 sulphuric acid, or only such a very small quantity of this aeitl 
as Buflicea to produce merely a faint tiirhidity when a few drojis 
of havimu nitrate arc added,to half a tost-tuheful of the liquid. 
Now pour tho whole of tho liquief in the basin through a filter, 
koepiug as much as possible of tho solid in the basin, wash tho 
barium sulphate iu tho basin by docuiitation with hot water three 
or four times, add tho washings to the filtrate, and evaporate 
(see Note on p. 1S4) till a little of the liquid cooled in a test-tube 
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dopc^its whitij crystals ; tlum kit tlio liquid gut quite cold ; pour 
off tku luotlior liquor from tko white crystals wliich suparato ; 
(jvaponitu this liquid «, little JtuUier, and lot it cool. Collect the 
two crops of crystals, and press thoiii between calico until 
quite dry. 

About in ijratHH {tiui/ three-fourths of a tcst-tuhefal) ufoxalie 
Mid should be ohttdned. 

<r 

Note. — In ci'ajjorutinij the uqueoiis sofution of oxalic acid 
the jlama must be loivcred as the solution becomes less'in bulk; 
if the sides of the basin above ^>e liquid rjet itircetbj heated by 
the Jlama some of the acid will be deevmqioscd. 



tN. I KKACTK'NS OF A(’n>8 WITH HALTS 


12;' 


LESSON XXVII 

INTIUncTIONS «!' ACIDH \NI1 SALTS -epnlinufd. THE 
* nUOlJHIHJNCJ’. <1F SKCONDAUV UHAt 'I'tONK 

Appnrdtiis (Old matcriah rrqifitTd. — Fotassium hmIkIo. I’otas- 
sinin oxalatp. Bftiliuin cavhntiiiti', Stiii'cli. Pnhissiiira 

(liohroinatp. Linis w.itor. TVirons ;nili>hali‘. Fl;wh of aJ'tuit, 
f) oz. capacity witli ^'ooit cm-l; fUti fl with fuimcl-tnlu' and r\it- 
tnlu! to di)) into watci* in a In aki'i'., rtoino pitT.i s of ordinavy- 
•sizod ^'ItisH tuliiny and iTiontcliouc Inhin" to connect Ihcse. Two 
pinolic'iK'lis. Calico. I’latinuin wire. Slips of wood. 

Tn Lesions .VA'/l., A’A'I'., and XXVJ. yon I'xuniined various 
instfufeos of normal ri'actions hetween acids and salts, that is, 
reactions in each of wliich only a new acid and a new sail are 
produced. The intcr.iction of an acid and a salt sometimes 
results in the formation of other snb.stances he-.ides tlu“ normal 
products of the interaction, and in some cases the iimv acid 
cannot be isolat'd bccau.se if it is produced it is instautly de- 
composed into two or more other substances. In this lesson you 
A^ill evamine ^nmu inter.iclions hetwoen muds and salts wherein 
seccrtidary reactions take place. 

Experiment I. - To ci-nmiiu' tJir riwtiivi hi'lnvpn sulphurir. 
iienl unliitiou and the salt patassiinn iodide. 

Thc»iiormttl laoiliiets of this reuctimi arc tlie suit i>ot.i. -‘'him snlphat'e 
and ttio acid lijdiiodlo acid (firtujiare the mtisaclion ef riotte.-ium 
elilorido aAd salphnrio acid, p. Ill); potassium sulphate is a wliite 
solid, and hjdriodiu aeid i*! a eiAiuilesi j^as \ei'y solulde in water. 

Arranp:o an apparatus as shown in fii'uro 510, usiuf» a tlask of 
about 150 c.c. (about u oz.) capacity and puUin.tj about 100 c.c. 
(say, three test-tubesful I of water into the hcakor. Place some- 
what less than rs fourth of a test-tnbeful of potassium iodide 
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in kw flask, ami F'liir aliout a coutflo of test-tiflicsful of a colfl 
of sulphuric acid with ujtout its own vohnne of water 
Q * flown thnfunnol tube. Warm 

tho contents of the flask, gra- 
dually raising tho tenipora- 
tui'O to tho hoiling-pomt, and 
keep " tho liiprid boiling for 
aomo ipinutoB. K'ownish' 
violet solid matter, forms in 
tlio neck of the flaslc ai\d in, 
tho oxit-tubo, and a brown 
colour is probably imparted 
to the water in tho beaker. 

llemovo tho ihialc from 
tho tripod and allow it to 
cool somewhat ; tako out tho 
cork and smell tho gas that 
i.s coming oft’; the odour of 
probably a^so that of Bvlphnr 



and 


sidphiiretted hydrogum, 

dio.xido (smell of burning sulphur), will likely bo apparent; 

Now dip a piece of blue litmus paper into tho liquid’ in the 
bealier ; tho papeu- is reddened. To a little of tbo li(piid, in a 
test-tube, add powdered sodium carbonate, and prove that earbon 
dioxide is given oft'. To another quantity of the liquid, in a tube, 
add some pieces of granulated xinc, and prove tuat hydrogen is 
evolved. The liquid in the beaker certainly contains an acid. 

The acid which has dissolved in tho water is hydrioelic acid, 
one of the normal products of the interaction yon arc 
oxaiuhiing. 

I’our tho contents of the flask into a basin and add several 
test-tubesful of water. You will probably notice a few jjiccoB of 
a yellow solid floating about, besides tho dark brown solid whoso 
presence you have remarked already, and which has now settled 
to tho bottom of tho ba.sin. Ihck out some of the yellow- solid, 
dry it in filter paper, and heat it on tho end of a metal spatula, 
or on a crucible lid ; tho solid takes lire, and burns with a pale 
blue flame, while the smell of burning sulphur is apparent. Tho 
yellow solid is sulphur. 
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Pick out KOiuo of tho lirowu Holiil from tlm liiisin ; iUnsoIvo 

it in wiiti'i-, iioliLin;^ that it (Im.solvt's only sli;,'htly ami that tlio 
solution is faintly coloiiroil if yon inhl soino iilooliol to tho 
water tile f'llid will dissolve more easily. Hoil soniu water with 
li ver’j iiDiiiU pi'ir of wlureh in it till tho starch is thoroughly 
disoitie^'i'iited ; ihen add a few diwjw of this thin slaroh jiasto to 
a little of the solution of the dark hrown solid; a deep hino 
eoh)ur*is producedni The prodtielion of tin’s (’olonr with thin 
stareh paste, in a cold liiptid, is charaetiu-istie of iodine. 

The followiiie prodneta of secondary reaotioiis have heeii 
obtained in this examirtithm of the interaetion of the 
salt potassium iodide ami tho acid sulptonie aeiil : iodine, 
and probably also sulphur, sulphuretted hydro nai, and 
sulphur dioxide. Uydriodie arid and the salt }n)lassimn 
suljihate, which are tlu' novnuil produets of tlio inter- 
aetinii, are also [iroihieed ; hut sceondary reactions occur 
between the hjdriodie acid and some of the excess of 
flulphurie acid used, for you added far more than enough 
sulphuric acid to react with the weight of potassium iodide 
talutn, and these secondary reactions produce the iodine, 
sulphur, Ae., mIiosc pri',-(-nt‘e you luue proved. 

Experiment II, — Tii t'.iuiininr the ri'inihiii helureii Httlphnrie 
aeiil anil the salt putubslniii uj-iilaic. 

In Lfnam A’A ICrih'i aiu’iil 11, (\i. lag), you fuunit tliat oxalio acid, 
and iKO'iiiiil hllli/l'.ltc, Ui'le piiidiiccd lij beiling a ililnte ..iilutiun of 
fiulpliuiic* aciil uitii .01 i'(|iiiMdi'iit i|n.i.iitity ot liauiim fi'iiilatc. In 
tlic pi'OMint f\[ji liincnt you will llnd that when an nod.itc ia heated 
witli a (‘omp.uathely larei) ijiiantitj of suliduuiti acid the g.ees 
cait](jn nionoMde and e.avlioii dlo'.ide are la.idiiceii, alouf; uitli the 
wiliiliate of tlio nieta! of the oxal.it,- le.ed. 

The fallowiiiij e.qiei iinenl 7mst he ciaitlneleil ivrij eitiefiilh/, 
hccause of thea\i'trcincli/ coriosire ae/hai of hot sidph/nir nehl. 

Into a llask of about InO e.o. (about 5 ox..) capacity insert 
a caoutchouc cork litted with two esil-tuhes arranged as shown 
in figure lil ; coinieet tho bent exit-tube xvith a, tube wliich dips 
into a hcakor that wOl contain about 1(10 c.c. (say U ox.) of 
water. Tioth exit'-tuhes arc made in two pieces, winch are joined 
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by caoutchouc tubing on which iiinchcoclw arc placwl. Put 
aljout lialf a IcHt-tubeful of x)ota?sium oxalate into the ilask ; 

J aclil about , 1 , tcst-tuhctul of concentrated 
.sulphuric achl; close tho pinchcoek Il.and 
open A, and heal tho contents of the Ilask. 
After a few minutes gas comes oil ; bring a 
lighted taper to tho upper end of tlie straiglit' 
exit-tube ; tho gas tajies iiro anu burns’ 

/- with a pale bluish \iolet Ihiino. .This in- 

l-hij ‘ dicates the presence of carbon monoxide. 

‘rfij Now pirur a little lime water into the 

I healcor ; remove tho lamp ; open tho pincli- 

' cock IS, and close A. The prodnetinn of a 

' white precipitate in tho lime water shows 

that carbon dioxide is laung given off. 

Pour the contents »it tho tlask, when cool, into a basin, and 
ovaporuto almost Imt not quite to dryno.ss over a low flame, in a 
ijond dranijhl jdacti : aflow to cool, and pour off the liquid from 
the Solid that has formed ; dissolve tlie solid in a little water ; 
and crystallise, by evaporating a littiti and allowing to cool. ' Pour 
away the liquid; press the solid in calico till it is dry; re- 
erystallisp from water ; dry the solid that separates, and prove 
it to be (1) a sulphate ; and (2) a compound of potassium, by 
the flame tost (see pp. 55, 54). 

Oxalic acid is one of the normal products of the interaction 
of an oxalate and sulphuric acid ; but oxalic acid react.s 
with hot sulplmric acid to produce tvater, caybefn 
monoxide, and carbon dioxiilo. As much more sulplmrio 
acid was used in this experiment than would suffice to 
react xvith the weight of potassium oxalate taken, the 
excess of snlphuric acid dc'composcd tho oxalioracid as 
(piickly as it xvus produced in the primary reaction. 

C 

Experiment III . — To c.mitwte fne. rructinn between diluted 
•nitric acid and the salt sodium carbonate. 

Place a little sodium carbonate in a test-tube, add a little 
diluted nitric acid, and prove (by the lime water test) that carbon 
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dioxide is beiii^' given off. Wlien the reaction sliicke^A add 
more nitric acid ; then evaporate tho liiptid, in a basin in Uu- 
dminjht phwc, nearly to dryness; recrystalliso the solid that 
separates, 1,wiee, from water, as directed in tho last e.vperiment ; 
dry the crystals that Hcparate, and. )irovc that the solitl thus 
ohtained is a nitrate by the feiTons Hulphatc test (see p. 70); 
also prove that the sblid is a sodium compound, by holding a 
no// .fl/nt/Z piece of it, on a c/eea platinum wire, in a lUmsen 
fl.ime, and noticing the deep yellow colour which is imparted to 
the flame. 

Judging frijln tho results other experiments on the inter- 
actions between acids and .salts, you would expect tho 
interaction examined in the prixsi-nt (‘xperiment to pro- 
duce fiodimn nitrate and an acid (earhouic acid). i’lUt 
carhonic acid has nut hucii jsolated ; if it is produced in 
any reaction, it at once decompo.ses into water and carbon 
dioxide. 

<» 

Experiment Vf.-^To iviDiiinc the n'netiint hetween i,nljikiitw 
cicid’iuid the S(dt jud'iM^ium diehiimide, 

fflio lioimiil puiiluct,-. of this icaUieii iioiiM lie tlie h.dt pota -miu 
suliiliiitii aiul ilaluoiuic acid. It uitl .-iillic'' hir tie' pu' jit ihuiiomc 
to prow Hint somclliitig is proihici'il which is ect em i.f ila .(■ coiu- 
pouiiiI“, without iiujimin*; win thcr tli<‘ luirmiil pioduet.- loc ui aic not 

also foimcJ. 

1 % 

Put about a test-tuheful of powdered pota'-sium dicbromiife 
into a flask of about 100 to 130 e.c (about B to 1 o/.i capacity ; 
add a couple of test-tidiesful of cone. aid)ibm'ic acid, and boat 
gradually. As the liquid bi'comes hot a visible reaction begins; 
when the reaction is pmceisling fairly vigorously remove the 
lamp, and bring a smouldering .splint of wood into tho neck of 
tho iitfkk. Tho amonblering aiilint l)ur,--ts into flame ; hence you 
conclude that^ oxygen is coming off. More accurate evperimouts 
confirm this conclusion. -» , 

Thin experiment mii'it he conducted curefnllii, heciiiisc of tho 
extremely corrosive action of hot sulphuric acid. 
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LESSON XXVIII 

]>HEPAKA’i'ION OP AQUKOUa BOIiU'CIONS* 01'' ALKALIS, AND 
SOJIB ItKACTIONS OP THESE SOLUTIONS 

Apimratiis and materials required . — Sodium oarbonato 
crystals. Limo (in lumps). Aijimonium cliloHde, ammonium 
sulphate, and ammonium nitrate. Solutions of ferric chloride, 
manganese sulphate, mercuric chloride, copper sulphate, and 
zinc sulphate. Solid caustic soda. Olive oil. Soap. Common 
salt. Alcohol. Methyl orange solution. Large basin, (about 
8 inches diameter). Small apparatus to make carbon dioxide. 
Flask, about 0 oz., fitted Avith cork carrying a fimhcl tube and 
exit-tube to pass into w«tor. Burette, and clamp. Pipettes to 
coutam 5 o.o., 25 c.c., and CO c.o. respective^. Two small flasks 
(about 2 oz.). Short piece of glass tubing. 

• 

Li Lessons HI., XII., and XIII. you examined some of the 
typical reactions of acidic and basic oxides. Certain basic oxide.s 
combine with water to form hydroxides which are classed 
together as alkalis. The alkalis that are used ijfost frequently 
in the laboratory are caustic potash and caustic soda ; a solution 
of ammonia in water (probably containing the compound ammo- 
nium hydroxide) is also much used as an alkali. In Lessons XXI^ 
and XXII. you used the reactions of the alkalis potash and 
ammonia ivith the salts lend nitrate, copper chloride, and iron 
sulphate, to prepare the oxides of lead, copper, and iron. In 
this lesson wo shall examine the preparation of solutions of 
caustic soda and ammonia, and some of the reactions of these 
solutions. * 

Experiment !. — Preparation of a solution of caustic soda from 
sodium carbonate. 

A fairly dilute boiling solution in water of sodium carbonate reacts with 
slaked lime, to produce calcium carbonate which is nearly insoluble 
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in water, find i'in?htic hfiiJiv wiiioli ifitiiun^ in ‘idiitinn in tlVivaU i. 
An loin: in, tlinre in luiy iiniduit 'I'd i.ndinin c.uli'iiiiiU' ine -i lit llii> 
nnliittim will ^mi nlT (i.iilijiu ilinsdli’ wlicii it i‘i iHMililii'd. If Je i 
wiitnv IS jin .-L'iit tliiiii (fi.nf’lilj) almut funr In hvn tiiiii'.s tlui wi ylit <if 
i;ri..lallit I d Kidiiim rarbitnat,- «■ ,.,1, tint i-ln iiiii'iil rlminn' is rcvcr.ssl 
iiiiil till' uaii itii' eiiiln unit ciilcimn iMrlnnmUi inlcrni-t to ui-forin Iiuic 

mill faudniiii I'.irbiiimti'. 

* • 

1 iVi-solvo uliijut lO.s KOiitis (yiiy i’oo anil a lialf ti'st-tnlu'sfiill 
of jiiiwileiL'd ci'yHtallii-Til wnliiim (Mi’ljunutfi in nltimt filKl c.c. (isay 
17 o/.)’of ordinary water in ii Imsin, and add ulifnit (i(i''raniH 
(say four tobt-lubt'.dnl) of po^wdi rod liint; sliakt'H witli abnut 
ilUO c.c. (about hom'H test-liibesfiili of ordinary wider; a lnui|f of 
liino must bo piwdered for the piivpo.M>, an, if tbe limu ttiat is used 
has beojt kept in powder fur kooio tiine, it will rontaiu a 
deal of oaluinm eaibonate. Hoil for alnmt (ifteoii iniiuites, htirrin.Lf 
freipiently witlt a Hlass rod, and lu'ldini' tbree or four test tubes- 
ful of water from tinii! to time dniiii" the, bfiilinij, to ivplaeo tho 
water removed !is steam. Thon lii% the solid matter settle 
slightly ; j^Kiur a littfe of the sujiernattint liipiid through a filter 
yilO' a test-tube, and to this liipiid add hydrochloric ueid : if 
earhiui dioside (a gas which produee.s a white bulid in lime water) 
is not given otl' the reaetiuii is fiiuMied ; hut it caihuii dio\ide is 
given oLV continue to boil the contents of tho basin (adding a 
little water eiery iiie minutes or ;-o) until a little of the tillered 
supernatant l^pud does not give olf carbon dioxide when it is 
acidilied by hydrocldoric aidd. 

When tlio reaetioii is llni.-ihed allow the .solid matter to settle 
fob a few mbiutes, decant tho supernatant liipiid into another 
hasiii, and then pour it through a calico filter into a bottle, and 
cork tho bottle ; the liipiid, which is a solution of caustic soda, 
will lju used in the following experiments. 

Transfer a little of the solid matter from the basin to a te.st- 
tuhe, add diluted liydrochloric acid, and prove that carbon dioxide 
is given off — that is to say,*iirov3 that the solid i.s a carbonate : to 
the solution of this solid in hydrochloric acid which rtiiuains in 
the test-tube, after filtering from undissolved solid matter if tho 
Avhole has not dissoh ed, add ammonia solution uaMi you smell 
ammonia when, tho tube is shaken, then add acetic add until the 
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liquic^is acid to litmus papor, and then add a solution of ammo- 
nium OMilato; tho formation of a wliito precipitate (which is 
caloium oxalato) proves the prosemfc of a compound of calcium.' 
Tho solid mattor in tho basin is, tlioroforo, calcium cafl)onato. 

Experiment 11.-— To observe tho interaction of caiistio^soda 
solution and carbon dioxide. 

Set up a small apparatus for making carbon dioxide, as shown 
in figure 82, putting broken marblo into the bottle, and pouring 
diluted hydrochloric acid down tho funnel tube^ allow tho gas 
to pass downwards into a dry tEst-tubo (see tho figure), until 

a lighted taper is at once ex- 
tinguished when it is brought 
close to the mouth of tho tube. 

While the test-tube is being 
filled ndth carbon dioxide pour 
about 100 c.c. (three test-tubes- 
ful) of the solution of caustic 
soda you made m Bxjjerimeht I, 
into a small basin. . *' 

When the test-tube is quite 
full of carbon dioxide pour into 
it enough of the caustic soda 
solution in the bn^in to occupy 
about one-eighth of the tube ; 
at once cover tho mouth of the tube with the thumb, shake 
vigorously, and then bring the mouth of the tube (still closed by 
tho thumb) under the solution of caustic soda in tho basin, and 
remove the thumb. Shake the tube cautiou.sly, taking care that 
no gas escapes from it. The rise of the caustic soda solution in 
the test-tube indicates that the carbon dioxide is being absbrbed 
by tho solution. To conlirm this indication, allorj the carbon 

«• ► 

1 A clinractoi’istio reaction of eomjionnda of calcium in solution is tluit they 
react witli a solution of an oxalato to pruduco white calcium oxalate, a salt wliifU 
is insoluble in acetic acid, but dissolves in hydrocblorio or nitric acid; ammonia 
was added in your experimoiit to comvrt the hydrochloric acid wliich was present 
In the solution into uminomuni rhlorulo, for had the liydrochloiic ncid been left 
in the solution it would have prevented tho precipitation of ca'cium oxalate. 
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(1ioxi(li‘ which is eniniji>,' off from the iniirhlo am! Inilmthlurio 
mid to puss, fur a niiiiutc or two, ijito ahont a sixth of u tfst- 
tubcfnl of till' caustic soda sclution you inadf in tho last cxpoii- 
iiicnt ; tht'ii rmauvo the ajipuratus from which carbon dioxide is 
'hciii'j: ;;iv(!n off, add hydrocbloric, acid to tlio liipiid in tho tube, 
and jwovc that the s'liu which is evolved is carbon dioxide. 

Carlion dioxide combiners with can,, tic siida to form sodinni 
‘carbonate. .This reaction, luanicly, I'oinhination with c.u-- 
J)on dioxide, is common to the alkaliH as a cla.ss. 

Experiment* III . — Inlmivtifni of caut^fir .•imJii .wlirllnn with 
ninmoninvi salts. Prcjianifiue of an tiqueoiis suliitioii tf am- 
monia. 

To small quantities of solid ammonium chloride, ammonium 
sulphate, and auimoniuin nitrate, in test-tubes, add about 10 o.e. 
of the solution of caustic reda prepared in A'rp, niio'ut /., heat tho 
contents of each tube nearly 
to hoilinij, and cautiously 
.smell tlui }.tas that is fhven 
off. The gas is amniouia. 

Aminonium compomids 
react with alkulis to 
giyti off ammonia. 

Arrange an apparatus 
as shown in ligure 113, 
u.sing a flask of about 100 
'c.o. (say 3 'ok.) capacity, 
and putting about l.^O c.c. 
of water in tho beaker. 

Place 8 grams (about ipiar- 
tor a Icst-tuheful) of ainnui- 
nium cblorido in tho llaslc, 
add about a Souplo of tost^- 
tubesful of the solution of eausllo.sodaprcpareil in E.i'iicrimont T., 
and heat the flask over a low flame. The reaction soon begins ; 
ammonia gas i.s given off, and is dissolved in the water in the 
be.uker. Gradually heat the liquid in the flask to boiling, and 
continue to hoii for about ten or lifteeu minutes ; then remove 
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the fflislc before you extiiiguiBh the lamp, ix) prevent any chance 
of the running haoh of the liquid in the beitlcer into the flask. 

Keep the solution of annnoniii ;^u hnvo made, for uao in the 
next experiment, except about quarter a tost-luhoful, tnto which 
quantity pass carbon dioxide for some minutes, and then prove- 
that when the liquid is acidified it gives ofif carbon dioxide (sea 
Fjxpmmant II.). 

Ammonium carbonate is produced in tliisp-caction, as SOilium 
carbonate was formed in the corresponding reaction of 
carbon dioxide with caustic soda. 

Experiment IV . — To ohservo the rcaolions of caxistio soda and 
aynmoiiia solutions soith solutions of various salts. 

Comparn the preparations, in Lesson XXL, of soino inetallio oviilcs 
friiiu thoir salts by cauainp^ solutions of tlicso salts to interact with 
alkali solutions. 

Arrange ton clean tubes in a test-tube stand. Pour a fotv c.c. 
of the following solutions, in water, into tln^se tubes in tho order 
directed. Into tubes 1 and 2 put solution of ferric cbloridor into 
tnbe.s 8 and 4 solution of manganese sulphate, into tubes G sJnd'O 
solution of copper sulphate, into tubes 7 and 8 solution of mercuric 
chloride, and into tubes 9 and 10 solution of zinc sulphate. Into 
each alternate tube, beginning with the first, pout a very Utile of 
the caustic soda solution preimred in Experiment I . ; and into 
each alternate tube, beginning Avitli tho second, pour a vary little 
of the ammonia solution iirejrarod in Experiment III. Bhako 
eacli tube, and note what visible change has occurred. Nhw* 
nearly fill each tube with the same solution which you have 
already added to it ; again mix tho contents of each tube, and 
note the \isible changes that occur. 

Tho precipitates produced are hydroxides of the mcftals of 
the salts used, except in the case of mercuric chloride, 
where the precipitate is nji oxide of mercury. 

The formation of metallic hydroxides, or oxides, hy the inter- 
action of solutions of allialis and metalUc salts, furnishes a method, 
for ptreparimj mctalUe oxides which is very often used in the 
laboratory. 
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Experiment Y.-fnti'Mi-tionof aiuaiw soda tM^hUion u'*th a 
lijiiiil f,;t, S.\.i'(rnrir VTioN. 

Si«(' 1 dll' iiKiili' iiy liniliii;' flit ^ With : iiliitiimK of caii-tio HOiluor ffiii ■•tic 
jmtu'Ti. 'I'lic I'.it'i .111' iiiKtiiU' i uf (‘(iiiijiamiil't tlic I’niistitiii’Hl'i of 
wliich ;mi .ylyii i m lunl Muiou'. tatu m'oli ; niii Aic {miasli, atiil i‘:in-lio 
hmla, O'lirt with tin', c iMDiimnuil • to iirtBliico ;;lic('tii), simt tliei 
^lota '.imii, or muIhuo, ■ alt'i of tJio fatty iii’ol- ivliit'h nt ri> m I'oniMiia- 
(joii rtitli till' lO."'! rin ; iiint flu '.c ji'ini*- imo, aii.l B.iilmtii. •siilt'i of fatty 
iici'l.i luo MKip:'* Soli) m ni'.irly in-ololili' in ii Batiiratcil aolution of 
cuniioon KiiU. ’I'lii' nitci action licUu'i n n cuuHtic alkali and a fat ii 
(‘nllcd .•lOioJi/liOTfiiDi ; till! roaetiou no''.’ mo.'t ‘loiakly wlicn an ulco; 
lutlio hointiSii of thn alkiiii. iii^d a loinol tal, mo i'iii|iIo,( d 

Dissolve n stick of cimstie soda altout an iiieli in loiiiftli in 
tibont tlireo-qntU'ter.s of a ti;.st-tiiliefiil of uloliol, by ivuniiin'; 
carefully oiTf a loir Jlamt'\ tuld about 'M or iitt tbops of olive 
oil, boil for about three ininutos, and pour the liquid into about 
tliree or fotir test tubcsful of a stiturii/nl solution uf eoinnion 
salt ill a beaker. 

After a little time pale bud’-colomi'd siuni-polid matter risos 
towards tlio top of tl’e salt solution ; this is the soup protlurod in 
tlie i,ciiction ; the glyetuin rcniauiH in aohitioii in the liipiid. 

Addendum to Exi’ERtMUNT V. — Comjhirl.wu of the fulionrs 
of the scone solution e/souji rc(/i(fmZ to produce lathers in equal 
rolumes of distilled and hard waters. 

It is .idvisaulo to pcifniiu an I'xinminent at this slap' to illi!‘'tiali' tho 
actions nf hard and i,oft naters on soap. Thcni' reactions nil! not, 
ho\\e\f)i;, 1)0 gone into here ; tht*y will hu ninlerptood InUtci at a later 
part of ttio eonr.'o. .Siipposu a m.ip to bo pure poia-'.ium .stearate, 
and lot it lie added to a w.itev which is hard from the prcienco of 
calciiim carlioniite ; the normal reaction lietwcon two 'laltt, takes place 
(sen Li'i‘to>t XXin.}, ami two mov salts, pota-simn ciuboiiate and 
^'alcimn stearate, luo formed ; when the whole of tho caU'ium car- 
bonate in the water hiei ve.icted with tho soap, then, but nut till then, 
is thora any unchanged soap pioseiit, and only then, therefore, is a 
lather piodiiced. ^ , 

Cut a small piece of soap into .shreds and dissolve the abivds 
in alenliol by shukitio: and u-armiiui {leiiihi ; let the liquid stand 
for a short time, and then deennt tho clearer upper portion through 
a filter. Pour a test-tuheful of di.stilled water into a sniull flask, 
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and ft test-tubeful of luird water * into anothifr similar liiiBk, Draw 
out ft piece of glasH tubing to an opening so fine that when you 
sucl: np some of tlio solution of soii^i into the tube the li(piid Hows 
from the narrowed end in drops which can bo counted. Allow 
one (U’ two di'cijis of the solution of soap to ilow into the distilled- 
water ; shake the flask vigorously, and notice if tlu' lather that 
is produced remains o)i the surfaceof tho water for, say, ten seconds, 
(lounttbo number of drops of the solution of soap that arelieedud 
to producB a lather which is permanent for tho time inoutionod. 
Now find how many drops of the solution of soap must be added 
to the hard water in order to proijuce a lather tlAt is pormanent 
for ten seconds. Considerably more of tho soap solution will bo 
required to produce a lather in the hard water than is needed to 
effect tho same result in the soft (distilled) waiter. 

Experiment VI.— CowpaV/soJi of tho volumes of the same 
sohtl ion of caustic soda requiml to neutralise dijfcrent volumes 
of the same dduted hydrofhloric a('id. 

.\lkiilis neutralise aoiils, forming salts. Soliiliofis of acids, as you know, 
ch.ango tho eoloiir of litmus from ljue to rod, and solutions of nfl!aV,s 
change tho colour of reddened litmus to Iihis. (These fact.s wort used 
in Lessons XI., XII., and XIII., in your examination of the inter- 
actions of acidic and basic oxides.) Solutions of acids produce a 
rose-pink colour, and solutions of alkalis a yellow-brown colour, 
in a solution of methyl orange. 

Dilute about a test-tnheful of concentrated hydrochloric acid 
with about ten times its volume of water, talcing caje to mix tkcr 
water and the acid solution thoroughly. Withdraw, by moahs 
of pipettes (see p. 156), 6 o.o., 25 o.c., and 60 c.c., of this much 
diluted hydrochloric acid, and put these quantities of the liquid 
into three clean beakers ; then add to each liquid a little water 
and five or six drops of a dilute solution of methyl orange.* 

Now rinse a clean burette (see p. 161) with awery little of 
the solution of caustic soda prepared •in E.T.pcrimcnt I., and lot 
the liquid run out of the burette; then fill the burette with tho 

tliG tap water la not bard, slmke a httle powdered chalk into it, puss carbon 
dioxido into tho liquid for aliont ton or fifteen minutes, and illtcr ; ooian of tUo 
(‘aloiuia c.krljoiiut« will tlisstilvo anti luird watt*r will be formed 
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solution of ciuistio soi^ii, anti In-op the luncUcoek optni until the 
liiVdl of the li([ui(l Ims fallen to the ;’ero point of the f'rmlimtit'iia 
of the hurotte. Now run the^'-tidii Holutiiui, <lrop hy ilrop, fioiu 
the burette into the o e.e. of the diluteil liytlriH'hlnric tieiil, 
shiili'ino till' lieaker while tlu' itoila solutit'n drops into it. When 
}on notice tlie proilnction fora inonuiit of a yellow eokuir in 
the wtll;o of each drop’of tliesoda. '-oluliun.add the solution from 
thehiul'tte vt'i'v cautiously, oee tJinp o' o tiiui', until the rostt-pink 
colour of tlu‘ litpiid in the heaker chan^eHtoa brownish nal tint, 
stopping before a yellow pluule is prodoeed. The whole of the 
liydi'ochloric aciT has now veiict^;<l \cith the caustic, soda, to pro- 
duce .sodinin chloride and water, aiul tht! liquid ContaiuH neither 
tieid nor alkali ; it is neutral. 

Head off, accurately, the volume of the ranstic soda solution 
used. Then (jAactly neutralise, with the soda solution in the 
burette, the flil e.c. of the diluted hydroeliloric acid solution you 
placed ill a hi'alicr at the hegiimin" of this experiment, and read 
oil' the volume of the soda .solution usee'. Fiiitilly neutralise the 
50 o.c of diluted hjUroehloric acid solution you have alreaily 
nioasured off with the same soda solution as before, and note the 
volume of tlio soda solution required. 

If your experiments havo henn conducted carefully and accu- 
rately, they show that 35 c.c. of the diluted hydroLdilorio acid 
solution have required for neutralisation a volume of tho caustic 
soda solution ciliual to five times that required hy 5 c.c. of the 
hydrochloric acid solution, and that the volume of the solution 
lof caustic .soda used to neutralise 50 c.c. of the hydrochloric acid 
sotution is ten times tho volume required to iientraliHO 6 c.c. of 
the same acid solution. 

Thf rrsults of Experiment FT. show that the ratio hetircen the 
nWeighis of caustic soda, and hydrochloric acid vdiichreact 
in solution to produce a neutral liquid is constant. 
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AODKNDUII 


ADDENDUM TO SECTION I. OP PAET I. OP 
ELEMENTARY COURSE 

r 

It will be uaeful to classify the methods of formatwn and- 
preparation, and the principal reactions, of the elements and 
compounds that have been dealt with in this part of the course ; 
to mdicate some other substaijcos that may 'he prepared by 
similar reactions, and that interact similarly to the substances 
that have been considered: and to note those reactions which 
have been employed as qualitative tests for det(!eting the 
presence of certain elements or classes of compounds. 

Thf Stuilcnt is urged to refer to the cx2)erhiu'nts he has made 
in each example in the following list, to consider these experi- 
ments earefulhj, and to compare them wipi the other excamples 
under the, sumo heading, in order that he may thoroughly njrasp 
the significance of the various general reactions of e(cch otuss''of 
substances. 

A. Glassification of Methods of Formation and 
Preparation of Elements and Compounds dealt with 
in the foregoing Lessons 

I. Oxides 

(i.) By THii Direct Comrination op O.kyoen with the 
OTHER EuE.MENT 


Oxide 

.j}fethal (if Formation » 

/d'SWi 

ripfTtm^ni 

Pdiji; 

Water 

By buniing hydrogen in air 

X. 

I. 

» 47 

Water 

By heating red lend in hydrogen 

X. 

II. 

-IS) 

Pliosjiho- 
rua oxido 

By burning jihosphoruR in air 

VXI. 

IL and 

m. 

28-SO 

Magnesia 

By burning inngnesium ffi air " 

V. 

I. 

20 

Ferric oxide 
(rust) 

By mating iron in inoist air 

VII., vin., 
IX. 

I. in each 
i luason 

|27, ;i4, 41 

Load mon- 
oxide 
(litiiarf>e) 

andredlfiad 

By heating lead in air 

V. 

i 

1 22 

! 
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I 

(ii.) 1 !y TlKATiNd Hvnuiixini:n \vin<-H Am; I’uiA ii'iTvrihi hy 
AUDINAi Ai.KO.IK to Sn|,; tIONS OI' Sm/I'S UI' THK 
^ Ml'.l'Al.K nV '('Hi; OxiI'CH 


OritiP 

7 /'o 't./'-i 

/ 

'f 'jl fillifrif 1 


lOa-l iiii’ji- 

;ifl‘l‘ t\ to chiliim of li a*! 

\\i. 

Y \ 

Bl'J 


uilifit*’ ; '1 ' 


1 j 


I’ollll’ 

Amno'Ju.i to sulnliun of 

x\u. 

! I- 

inr, 

t'xiiif? 

f(‘n 10 1 ulj<}iato , jijt. In 


1 


NF.o'itotii; 

ATUiiioMiri il to iniMuji' f«f i 

xxu 

n. 

IflO 

OMlIo 

r-i'liilion^ of fonu* uml f«'roi>i • | 


' , 


lltiH 

milphati'M 1 


1 : 


CopplT 

il to boilinf.» 1 

-WI. 

n 

Bl!i 

0\Ulo 

of cojiiior chloiitb* ' 1 


1 



Th(> metlmd of pivi'ijutntio;-; a hydroiviili'. tunl 
tliQ (Iricfl iH’i'cipitatti liy licat iiiti) oxiilc mid wati-r, is; m'I'v nftcii 
PHipIdycd fur pu'piii'iii^L' tho oxiili'H of 
('xamplf'n •. --()\i(U's of iiluiiiimuiii, lii-Jimith, elii'oiiiimji, and /fisc. 


(iii.) Fhom AN’(.'<ri(i;r. Oxide or xiii, same F,ia;mi;nt 


. (hl,le j 

i/, E-n'iif.'*. 'll 

1 

/ mr* 

/' ; 

Lead "per- 1 
oxide 1 

By the reaetiou n{ diluli'il nitiic 
acid Ai'ith red lead 

XVII. 

il. 1 s-j 

Nitrogen 

dioxide 

[By adding oxygen to idtvio 
nxiile 

XV. 

i 

1 ' 

i i 



rproxidi'.-i are yenpriilly prepared liy addini' o\y,'.;rii to an 
pleincnt or to an oxide contaiiiin," Ipaa oxy'/en thaii tlic pnoxide 
Veipiirod; tb^ addition of oxygen is generally iipeoniplislu il by a 
reaction betAveon tbe clement, or tbe loMor oxide, and sonie eom- 
poundAvbieb readily xiarts Avitb oxygen. Aihlit/ounl c.i'uiupkn : — 
Btannic oxide, by beating tin \Aitb nitric acid ; barium ppro\id(>, 
by resAction of a barium salt in aobilion wilb an iilk.ili and 
bydrogpn peroxide. 

(iv.) By the Inteiivction oi' an Ei,eaii;nt avitii an Acid 
AVHE iiEBY Oxygen is kemoved j’ltosi Tin; Aciu 

I ^ftfhod Ilf To} /iHtfhiU I \I.ip IIIU' i’-i IP 

Nitviouxitlel By tt\u tcawtioii of eiiiipi'i- with! XV. 1 1. tW 

I lutrie acid , 
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addendum 


'■Some of the oxides of non-motala a/o prepared by beating 
the non-inetiils with nitric acid, the oxygen removed from the 
acid combining with the non-ijjolal. Exanqiles : — Oxides of 
iodine and phnspliorns. 


(v.) By the Intriiaotion op a Svrt with an Aoid 

Dll. A 


Ciirbon ili-| 
oxide 
Carlioii 
monoxide 


Milhvtittf Pot matio}i 


JJijii'i'tiiunt 

By tile action of diluted nitric 
acid on Rodium carbonate 

XXVJI. 

III. " 

By the action of cone, sul- 
phuric acid on potassium 

xxvn. 

II. • 

oxalate 

r 

# 



I’dJC 

i2y 

128 


Additional emnqdG : — Silicon oxide (silica), by the action 
of hydrochloric acid on a silicate. 

II. Salts * 

(i.) PiY Till'} Comhination op Acidio and Basic Oxidrs 


snt 1 

of I'ormiifufii 

ftoffoii 1 

ErjifinmnU 

Pa^i' 

i'ntilRsimu 

‘iiilphato 

By comiiination of potas'-ium 
oxide with sulphur trioxidc, 
in aipifioiH solution ■ 

XI. 

I. 

• 

• 

Zinc sul- 
pliato 

By dissolving zinc oxide in uii 
aqueous solution of sulphur 
tvioxide 

xn. 

I. 

C7 


(ii.) By the Comiiination op a I\Irtad with a 
Non-metad 


Salt 1 

Mflfiod of Fortnation 

r^SSOTJ 

F.Tppfimmt 

Mercury 1 

1 By nibbing mercury with iodine 

III. 

I. 

iodide ^ 

1 in presence of n very little 



1 

i alcohol 




Pac^ 

14 


Method (i.) or (ii.) may be employed in the preparation of 
many salts ; for instance, the sulphates of calcimn, chromium, 
copper, iron, and magnesium ; the ilitrates of calcium, copper, 
iron, and magnesium ; the chlorides of copper, iron, lead, mercury, 
and tin ; the sulpliides of copper, iron, lead, imu-cury, and 
tin ; the carbonates of oaleiimi, niagnesium, potassium, and 
sodium. 
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U1 


(iii.) By thk iNT^niurnoN ov an Acn> and a Mka'At/ 

e,'i 

fiu 
7-1 
iW 
6s 
oy 


r.xjf 

76 

100 

73 


chromium, inm, luagncsiuiu, mercury, potassiyim, fiiulium, and 
tin; the oliloi'idcs of Ijariiuu, calcium, merenry, puta-ssium, 
sodium, and tin? 


Niff 


//f’Vttt ' 


iiijilj hul- 
plutfu 
, Tin 
rhltiiidc 

Jiy tli' .lino iuldilntnii 
♦hiil|»liuiiB ai'ifl ! 

XIV. 

I. 

IV, tln.olvinK liu ivi cono. ' 
}i_)iluu'1ili)no ju‘bI 

XIV, 

n. 

itil 

< lllol 

1»> tli: oUiii;' h ;i'l in rono 

XYI, 

1 

II. 

I ,ead. 

r»y tlB ruhin;' load in ddnfrd 

! j 

I. 

iiitiate 

uiUift 



CiUiper 

lU djyaniving C'opiBT in dilutoti 


I. 1 

iiitr.ite ' 

inliic acid 

1 1 

1 

1 

I'ei 1 11113 
sulphate 

B\ diE^olviiig iron in diliili d ; XIY. 
faulphmic acid » 1 1 

'■ 1 

(iv.) By the iNTEiittnioN ni' an Amn \mtu a B.' 
Metali.ic Oxide 

liatl 

oi of I'Oi Ulilio i 

1 /-‘t'fi 

/’ly'-I B'/< ht 

Lead 

c'hiuiide 

load nniu*»s.idoin 
dihiioil livdi’iudiionc aoid 

XVI. 

111. 

Coppei 

ehlori'lo 

j 111 di sulvuig copiicr oxide in 1 .\X. 

! diluted loiivachlorh', ,aeid i « 

1 11. 

1 

foppei' 

By dissoKio*; copper oxide in 

1 XVI. 

j I. 

nitiivtu 

diluted nunc and 

1 

1 

Mutliods (iii.) and (iv.) nro ntiioh 

used for the pmpai 

salts; for instance, the sulphates and nitrale.sof liariuin, i 


(v.) By THii Intnuactson of an 

» % 


Amu WITH A Baht 


iiiU 


of fj} malivn 


Piitiissium tlJy lieatiut,' iiolu^Miiiui clilonilu 
iiiillilmto I witli ciiiic. iiiilplmrie ui’ul 
Futasbiuiu I By heating ioilula with 


sulphate 
IhitasaiAu 
Hulptuite 
la'ail sul- 
phate 
liaiium 
sulphate 
IViiie sul- 
phate 

Soilium 

nitrate 


lUlphime aeid 
By heatini^ putiissinm oxalate 
with sulphuric acid 
By heating lead nitrate with 
cone sulpliunc aetd ■> 

By heating barium oxaluto with 
diluted sulphuric acid 
By heating femius sulphate wilh 
sulphuric acid, in piesonco of 
oxygen 

By heating sodium 
wilh nitric acid 



f'tii '! im Ilf 

XXIV. 

I. 

XXVI l. 

I. 

XXVII. 

11. 

XXV. 

I. 

XXVI. 

ii. 

XIX. 

II. j 

XXVII. 

III. 

■» 


IM 

135 

138 

118 

123 

05 

120 
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AtUJl NDUM 


hidUkmI is of voiy f'wieral applioifiility. Most sulphates 
unit iiilnik'S, and many chloridos, cun he prepared by heating 
carhumiteH with H\ilplmric, nitric, #jr hydrochloric, acid. 

(\i.) liY 'run iNTKltAC'l’IOtJ Ol!' A Baia' with anotheu Sai/b 


SiiU 

Mi Ihod of l\n uhdinn 


JJ.lJh-J IVV lit 

I’cilaMnium 

liy luixiiiR aqueous solutions of 

'xxm. 

ll. ' 

nitmlr, ami 

potassium iodiilo and lend 


• 

leiiil iodutc 

niti'iilo 

< 


IJiu'ium 

ovnlato.iuiil 

J3y mixing aqueous solutions of 
barium nitrnto and iiotasaium 

xxni. 

I. , 

potussium 

nitrate 

oxalate 

• 



This method is much used for preparing salts. The salts 
formed in the reaction are separated from one another, and from 
excess of the salts that have been caused to react, by taking 
advantage of differoueos in the solubilities (generally in water) of 
these salts. 

« III. Acids 

By the Eeaction op a Salt with an Auid , 


Alhl 

M'tliOii (if roiinntiim 


L’lpei imt'Ut 

Ilydro- 
chlorio add 
in aqueous 
solution 

By lieatiug potassium chlorido 
witli oono. sulplmrio acid, and 
leading tho gnseoua acid xiro- 
duced into water 

XXIV. 

I. 

Nitriu acid 

By heating lead nitrate with cone, 
buliihuric acid, and condensing 
the gaseous ocid produced by 
cooling it 

XXV. 

f 

I. 

The method illustrated by these two preparations i 
general for iireparing volatilisablo acids. 

xlCIlf 

Method 0/ Fortiuftion 

Les$on 


Oxalic add 

By passing sulphydric acid gas 
into water ill which lead oxalate 
is suspended 

XXVI. 

!• . 

Oxalic add 

By heating buiiuin oxidate s^th 
the proper quantity 5f diluted 
Rulphurio acid 

XXVI. 

II. 


I'ifji' 

lli 


117 


me 

120 

122 


The method illustrated by these two preparations is fairly 
general for preparing acids that cannot he volatilised, but can he 
crystallised from water. 
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1 Cl 


IV. Alkalis 

I5v THi; lN'J'KltACTlf)N Ol' Hol.CTIO.N OK A Sm.t 

UK *iiu Ar/hAi.i Mktaij wii'ji ANunii.ii Ahi. \m 


* Aikun 


Mcthn-l of /<•< w/tf’j-'ii 


Caustic 
' soila; In 
. minenu* 
sulutioii 
Ammouiaj 
in iiijucDus 
* solution 


B.vboiliiig poihuin Ciuiioiuiti' with 
slnkcil liiiio * i 

I 

B} tioiliiig atuinoiiimn flilmiik' 
with solution of cuiiotic sinliij 
iind Jouding tlio ga-ioouu uiii-' 
nioiiiu into wiitcr • | 


/< ■>< 

XXVIII. 

XXVIII. 


I. 

m. 

1 


to Ir 

Idl 


m 


This is tho method geuertilly used tor prepariiig tilktilis. 


V. Elements 

(1 .) By Removing Oxygen kkom an Oxiui; ok the I'h-E.MENT 


I'l mont 

Lpa{l 


Mf'tficJ of Fitmiti’icu ^ 

Ej heating red lead in hydrogen X. 


Iiijf 

11. I no 


Tins method is aitplicahlo for preptiring several iin.-tiils ; for 
insUnce, bismuth, copper, iron, pliitimnii, .«ilvor, tin, uud I'.iiic. 



(ii^ By Heating Oxides 

Oil Baets 


Hi 

MttliOil of Foimatti'H < 

In,\ n /<'»- ’i/i 

nv' 

Oxygon 

By liG.iting led lead, or oxide of 
nkicury 

V. ;ui., tv. 

1 

as, ys 

0 .'ygmi 

By heating potas.siuiu cliloiato 

vm. 1 

u. 

07 

(iii.) FnoM Auiiis iiY ‘wii; Actiun ok MinwhS 


/iVf mc7i? 

of formn'wn 




Hydrogen 

By tha action of zinc, inagneiduin, 
or Iron, on diluted hydroehlurio 
01 sulphurio aoid * ' 

IX. I 

II. 

i 

12 


Methods (ii.) and (iii.) are special methods for oxygen and 
hydrogen. 
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AUBl.NUmi 


B. Olassifioation of Eeactions of Eleiaonts, 0.xidcs,' 
Acids, Salts, and Alkalis examined m tlie foregoing 
Lessons 


I. Elements 


(i.) HiJATim IN Aib oe Oxygen fobm Oxides 



Jlmdton 

I.isson 

E,ri>ei imail 

Hydjoi^en 

liumt in air forms water 

X. 

I. 

Phospho- 

Lunvtiii air forms phosiJionis 

YII. 

H. and 

rus 

oxUlo 


III. 

Mngnoshuii 

Eunit in air forCis magnesia 

V. 

I. 

Lend 

Iloatod in air forms litharge 
and red load 

r. 

U. 

Iron 

Exposed to moist air forma lust 

VII , VIII., 
IX. 

I. in each 
Losson. 


(ii.) Metals Eeact with Acids, foeminq Salts, and usually 
( itUT NOT always) giving OFF HyDMGEN 


meni 

Jlcaclion 


EiperiTJumt 

Zinc, mag- 
nesium, 
or iron 

Dissolved in diluted suiphiuic 
aoid gives off hydrogen, and 
produces zme, magnesium, 
or iron sulphate 

IX. 

*u. 

Tin 

Dissolved in cone, hot hydro- 
ohlorio acid gives off hydrogen, 
and forms tin chloride 

XIV. 

II. 

Iron 

Dis, solved in diluted sulphuric 
acid gives off hydrogen, and 
forms iron sulphate r r 

XIX. 

1. 

Cupper 

Dissolved in diluted nitric aoid 
gives off nitric oxide, and 
forms copper nitrate 

XV. 

I. 

Lead 

Dissolved in diluted nitric acid 
gives off nitric oxide, and 
forms lead nitrate 

XX. 

I. 
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» 

II. Oxides 

(i.) I’lAsic Omdiis a uiTir Acinri Tt) roiiM Svi.th 

• ANii Wa'IIJH 


* nri,;,i 

’*?. 7| 

/• ‘ort 1 

t'lj '- . ll't 

I'utii-’.iinm 

ii-tiifl' 

Ncutr.iliiifil^ liy ihliiliii -iil- 
pliiirm iii'iil*Iiii 111 . potii. .lutii 
hulplmti- 

XI. j 

1 

I. j 

/llIK* ttXKlO 

I Di‘.siilvt'd«in ililutril luilpliiim; 

1 acid forius zino niljili.iii> 

xir. 1 

I. j 

Illllil lUDU- 
uxiik- 

Di'isolved in dilirti d hjdui- 
clilujio arid fiiriiid l.-ad 
choride • 

XVI. 1 

1 

m. ! 

1 

1 

Clipper 

loiiltt 

Dissolved in diluted lijdui 
idilorio acid foiiai l■•l|■p i 
chloride 

i XX 

n. 1 

! 

ClippiT 

oxiilr 

Dissidved ill diluted nitric lu-td 
iiii'ins Cupper uitiiite 

XVI. 

I. 1 


This 1't‘iit’tinn is lor all l)iis?ie oxide.-?. 


(ii.) TiIi;TAi,i,ic! lii;\fT wri'ii Si'M'jiimK' Acid 

^ '!'!) roKM Sai.ts (Sue.i'h \ti.;s), W,vri:u, and Oxyohn; and 
WITH HYDieKnr.oiiii! Acid to roieu SmiT.-? ((Ihi.ohidi’.si, 

W.YTKU, A.\D tlllliOItlNi; 




Ii- I !i i'» 


iPiiil piT- Ili'.-itcil With lij'iliiiihlDi'lc iiti.l 
DXiiU’ fm*!!-- It.iii clilmiiii', aiiilyiM.^ 
off (‘hliiriiii! 


XVH. 


I III. Kfl 

I ' 


, Those roitcfcions uro goni-nil for mcfiillio xwro.xides, wdiotht-r 
biisie or noidic. 


III. Acids 

(i.) Udai't with Mi;t\i.s to i-oitM Sm.ts, and oi.ndi! vlly 

ADHO Jhol.OOl'.N 


And 1 

A'l.i, '1.1* , 1 

/.' 1 if'U 1 

/'l/ tllt\ wf j 

Diliiti'd 

1 linsolv es /.iiic. pdi iiig uiT liydrii- 

1 IX. 1 

II 

Kulpluiric j 

uf'ii, and funiiiiin zinc riiil- 

1 XIV 

* »•» i 

T i 

imid 

1 pliato 

J xn. 

1 \ 

Diluted 

Dissolves iron, fiiviup; off hydro- 

XIX. 

I. ‘ 

sulphiirie 

I ircn, and forming fernam sul- 



acid 

1 phatc 

i 



-la 
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ATOlEN’Iill’it 


(i.) liHAUT WITH I^IkTM.S TO FOUM BaLTH, AND CiHNHIiArirA’ 

Ai.su ll^miwiTSii—{rontinih'il) 

e 


.l.I.Z 

f littu'fion 

/;« s^oit 

/'ipi /'•’HI nt 

1*1 VJ(' 

Cfiijo. 
llJltlO- 
I'hloric aoiil 

] h'.solvcs till, ijivina oil Iiydio- 
Iji’ii, and foumni; lin eblnrido 

XIV. 

II. 

li.'i 

iMlntfd 
lutiio acid 

I'i'nolvoii copper, Rivini; off 
mtrio oiide, and forminf; 
copper nitrate 

'XV. 

I- 

'■ GS 

f 

Diluted ‘ 
nitric acid j 

Disbohes lead, giviii" off nitric 
oxide, and forming lead 
nitrate 

r 

XX. 

I. 

'.)8 


Almost evory metal dissolves in some doterminate acid, 
torming a salt ov salts, and giving off a gas Avliioli is frequently 
hydrogen. 


(ii.) Eeac't with P.asio Oxides, fohminci S.alth and 
<• Watek 


r 


Add 

lii'iiiiton 


Kijirnmcjit 

Diluted 

With pntiwsiuin o\idn forms 

XI. 

I. 

anlpliurlo 

polasBium suliGiatii 



aeid 




Diluted 

Witli r.iuo oxide forms zinc Biil- 

XII. 

I. 

Bulphurie 

phato 



acid 




Diluted 

With lead monoxide forma lead 

XVI. 

, III. 

hydro - 

chloride 



dilotio acid 




Diluted 

With oopper oxido forms copper 

XX. , 

/Jf- 

hydro- 

chloride 



chloric acid 




Diluted 

With copper oxide forms copper 

XVI. 

I. 

nitric acid 

nitrate 




(iii.) Eeaot with llETAimic Peroxides to form Sadts, 
Water, and Cheortne ip the Acid is IftuRucni.oiuc, 
OR OxXGEN IP THE Aoil) IB*0oN(5. SULI’HURIC 


/IrifZ j 

Hrttdi/>n j 

Let'em 


Hydro- ! 

Heated with lead peroxide 

XVII. 

! III. 

ohluiieacidi 

i 

foi ms lead chloride and | 
chlorine 

i 
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(iv.) Ui'.M.t' \Min S\i.T:-i TO MtiiM i)rHi;i: Sm.t-' and orniiu 

Aoiiis; S,‘,‘,'i!ihini /ii'iirtiuii't iTi'-’i) >'<ciir 



'•)( U 

1,. ..1 



• rt'iJF. ,Aj]- 
|;ltiu ic lu I'l 

W if}j ! .mm idt' rivt' . 

' UiiTii ' JUhl 

jl\ili(R‘{lIoUi‘ 

.WJV, 

i , 

i j 

IH 

('I'lie.T 111 
]i!mrii‘ m i‘l 

With 1' :i'l luti.iti' j*nt ' It a<l 

ii'iil uitim .H i'i 

\\\ 
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i 
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I ttliit- J .iii- 
))!inui‘ iuhI' 

Willi huTiiini 

Imrumi miljib.U*' unil 
a>'ul 1 

XWI 

i rr. 

■ 1 

i VU 

Dilutt'il ‘.111-! With fiintii-i-ium iu.liile s-ie 
plmrio uciii I jiot.e'.iimi iilplmti', li^lo.Miii' 

1 lU'iil, iiiiiiiu , iiml ill...) .iilpinii ■ 

! liiexiile i 

x\\n 

r. 

i 

1 


llilulol 
nitric uciil 

AVith pii.lium cmluiiciti' .‘.'O' .| 
-inlium nit 1. lie, v.iit'T, .tiii( 1 
j eai'limi iUunMc | 

IV. Alkalis 

XXVH 

1 ITI. 

1 

i 

1 lu's 

1 


FAauipI(‘H of tlt( followiiu; roai'tions aiv yivi’U in Z;r\'.so)! 
XXyifL ipp, lliO 

*(i.) WITH Sur.UTioNs of S.vion of Huavv Mktai.s ro 

riiE(;u>rr\Ti; HAtiunxiinoH (ok somi; ioifk Omki.s) of 
TIIKSF. MeTAKH, and 'fO FOKM A H\liT’ OF THi'. Ml/l'SI. 
OF T)fK AEKAI,! U.'EIt. 

(ii.) Keaot AVi'it H-UiTH OF Ammonu'm to I'ukm Ammonia and 
A Salt of the AiiK\T,i Mi;t\Ii. 

(iii,) Ufact wii’H (Ukkon 1>iomdi: to iokm \ IHi.konate op 
* - THE ^IeTMj of the Ai^KAKI. 

(iv.) NKOTUALihfi Aoios, FouMiNii Saets and Watp.k. 

(V.) SvFONiPV Fats. 

V. Salts 

Examples of tlio followiip^ reactions slionld he, written out 
liy tile stndeilt ; lie slioiilil refer to U>'iwtt(iiis nj Arhh (iv.), iieer- 
tionsof AlhiHt, fi.l, and J'rejiuriViimsufStflts tvi.), (pp. 1 17, 1 Itl). 

(i.) ItEAOT WITH AlJinSTUlOKM OTH EU SaI.TS .AM) O'l'HF.lt At'IDK. 

(ii.) React avuu Aekadis to pokai Hadkosiuks (ou Oxides) 
OP THE Met AES OP the Rvets. 

(iii.l React with othek Saets to pokm two New Haets. 
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b.' lleaetioua that have boon omployoil as Quali- 
tative Tests for l^otccting tho rresence of oortain 
Eloiiionts or classes of (loinpounils 


i:ti mutt 0)' (tvtttip (it 
r.lt'tm till tit Irclut 


HtttefwH I mfilttiii tl (/< Tt tt 


I'tt'jtt 


I'ntasniuiu in its nmn- 
jKiiinds 

in itg cnmiioundH 
Tin in its eonipounils 
Lead in its compounds 
Iron in its compounds 


Barium in its compounds 

Copper in its compounds 

Calcium in its com- 
pounds 

fiuiphur 

ludiuu 

Cldorino 

Chlorine in its com- 
pounds 

Sulphuric acid and sul- 
phatps 

Oxidates 


Nitric acid ond nitrates 


Caahon monoxide gas 
Carbon dioxidu gas 
Hydrogen gas 

Oxygen gas 


Non-hnninoiis llauin coloured laveiidcr- 
pui plo ^ 

Solid heated with cobalt nitrato goes 
green , 

Solution gives grey pp. witli mercuric 
chloride solution 

Solution gives wliite pp. with alcohol 
and dilnte^snlirhuric acid 
Solid imparts reddisli yellow colour to 
borax bead 

(See also tests to dialingnish a iervous 
from a feiTic salt in snlutiou) 

Solution gives white pp. with dilute 
Bulplmric acid 

Solution gives azure blue colour with 
ammonia 

Solution givcBwlntc pp. witli ammonium 
dxalato and acetic acid 
Heated, hiii-ns witli blue '.lame and smoll 
of sulphur dioxide 

Solution gives blue colour witli starch 
paste 

Smoll ; the gas gives Idue colour witli 
potassium iodide and starclr paste 
Solution gives wliite pp. with nitric 
acid followed by silver nitrate solution 
Solution gives white pp. withobariuni 
nitrate solution preceded by bydro- 
cbloric acid 

Solution aoidified by acetic acid# after 
addition of excess of ammonia, gives 
white pp. witlr calcium chloride solu- 
tion 

Solution gives brown colour when mixed 
with cone, snlpliurie acid, and solution 
of forrous sulphate ia added 
Burns witlr pale blue-violet ilumo 
Gives wliito iip. in lime water 
Yury light ; burns with almost non- 
luminouB*liumq 

Kindles a glowing cliip of wood 


ss 

0(1, C7 
75 


04, 95 


107 


120 


00 

132, noia 
_121i 

.‘IST* 

00, Kiifc 

07 

55,50 

110 


70 


128 

8 

42 

24 


See also general reactions for repognisiug basic oxides, acidic 
oxides, and peroxides ; — Lesson XL (pp. C.4-60), and Lesson 
XVIII. (pp. 88-92). 
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ELEMENT I LT 

sECTioir n 

VnluiiT'hiii p'l tiJi iuu liiiA inf ultvaln (iia'lu'liiif.' atHUuuiiii}. 

iilkuliti'.* r;uliiMi:Uv 5. imn alt-’. ca^-ium oinuputimls, aiul iudiiu'. 

/i'ia imiiiiirtl that thr. is itcijibiinfi'il with the usi'. if 

dii'mk-til iind that he. ha^ a fair kiiowicihii' of the 

elemeniarij facts of chemwtry, bcjoic he fu jins this seetioii of the 
coanc. 

The ('Xpi'i'iiiunita perfonaed in Le-^son XI. (pp. .' 1:1 ri(i) 
tliiit (K'l't.un (ftdiuitn ipiautitii'S of aiilphuv tnoxiilo luni pot.i.'- 
siiiiu oxido rtiii-t, in iiipieoua nolulious, to product) tlu' suit 
•ptitiHsiuiii hiApliatr*. In order to di'ti iiuine wln u a sufliidfiit 
ipiiintity of tlie solution of the potassium oxido Imd lieen 
added to till) solution of tlin acidic sulphur trioxiUc, you made 
UKt; oftlu! facts : li.) that an aqueous M)lulion of potiiwduni oxido 
turns iJC'd litmus blue ; (ii.) that an aqueous solution of sulphur 
trioxide turns bluo litmus red : and (iii.l tliat an aqueous solution 
of potassium* sulphate-^ the salt fonueil by the interaction of the 
two oxides- does not ulfect tin' colour of litmus. 

In Lesson XXVJIL, Eo’iieriment 17. (pp. Itlt!, 1B7), you 
found that a definite (piiintity of caustic soda reacted uith a 
definite quantity of hydrochloric acid, both compounds beiiq; in 
solution in water, to piroduce a solution that was neutral tolitmuB, 
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thatt-is, a soluUnn which did not alter tho cGlour of cither blue or 
red litmus ; and you also found that when twice as much hydro- 
chloric acid was used twice as mjijLch caustic soda was required 
to react the acid to produce tne solution neutral^to litmus ; 
you found that hydrochloric acid and caustic soda react, in' 
aqueous solutions, in definite quantities by weight, to produce a 
solution that is neutral to litmus. ‘ '' 

Now, if you weighed out a definite quointity of potfassium 
oxide, or potassium hydroxide, dissolved that in a measured 
volume of water, mixed the solution thoroughly, withdrew a 
measured volume of this liquid, acjdodto this a fe'vf' drops of htmus 
solution, and ran into this liquid, from a burette, a solution in 
water of sulphur trioxide until the colour of the litmus in the 
solution was just neutral,— if you did these things, it is evident 
that you would have found the weight of potassium oxide, or 
potassium hydroxide, which a determinate volume of 'the solu-, 
tion of sulphur trioxide would react with to form a solution 
neutral to litmus ; in other words, you would have found the 
potash-neutralising poiuer of the solution ofsidphur trioxide. 

Suppose that 10 grains of caustic potash (potassium hydroxide) 
were dissolved in 1 litre (1,000 c.c.) of water, and that 6i3 c.c. 
of this solution were withdrawn by means of a pipette and 
placed in a beaker ; this 50 c.c. of liquid would contain 

gram of caustic potash. Now» suppose that 

the mean of two experiments showed that 46 ’6 o.o. of 
a certain solution of sulphur trioxide — that is, a; solution off 
sulphuric acid, for sulphuric acid is produced when sulphur 
trioxide is dissolved in water — ^were required to neutralise 
the potash in the 60 c.c. of solution of potash used in the experi- 
ment ; then, as46‘6 c.c. of the sulphuric acid solution neutralised 
0-6 gram of caustic potash, it follows that 1 o.o. of tliis sulphuric 

0’5 " 

acid solution would neutralise ^g 7 ^r= O'OIOOB gram of caustic 
potash. 

If you were given another solution of caustic potash, you 
would he able to find the weight of potash present in a de- 
terminate volume of that solution-- that is, to find the strength of 
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that solution of potasli — bythe use oithestmulardised sohotwji of 
sulphuric acid. Suppose you measured off 50 o.c. of the solution 
of potash given you, added a few drops of litmus solution, ran in 
the standardised solution of sulphuric acid from a burette, until 
the liquid was neutral (as indicated by the colour of the htmus), 
and found that 40'2 e.e. of the standardised acid solution were re- 
• quired^ then, as 1 c.c. of the standardised acid solution neutralises 
0'01098 gram of caustic potash, it follows that 40'2 o.c. must neu- 
tralise 0'01098 X 40'2 = 0-441396 (say 0'4414) gram of potash; 
hence, S’O c.c. of the solution of potash given you contain 0-4414 

• 0-4414 

gram of potash ; and, therefore, i c.c. contains — ~ — = 0-008828 

50 

(say 0-00883) gram of potash. This result is expressed by saying 
that the strenqth of the potash solution 4-0-00883 qravi potash 
(EOH) per c.c. 

^ You could also make use of the .standardised solution of sul- 
phuric acid to determine the strength of a solution of caustic 
soda ; for you know that 40 grama of s^da (NaOH) interact with 
the same weight of siiphurio acid as 66 grams of potash (EOH). 
Tjie reaction between a solution of sulphm-ic acid and a solution 
of oau'stio soda, and the reaction between that acid and a solution 
of caustic potash, are expressed by the aquations : — 

(i.) H2S04Aq -t- 2NaOHAq = NajSO^Aq + 2H2O; 

^ 98 80 

(ii.) HjSO^Aq -h 2K0HAq = K2S04Aq + 2H2O. 

, ^ 98 112 

Ndw, as the reacting weight — that is, the weight expressed by the 
formula — of caustic soda is 40 (Na = 23, 0 = 16, H = 1), and 
the reacting weight of caustic potashis 66 (K = 89, 0 = 10, H=l), 
these :^epres6ntations in the form of equations of the chemical 
changes that proceed between a solution of sulphuric acid on the 
one hand, and a solution of caustic soda and one of caustic potash 
on the other hand, make patent 4h0 fact that 40 parts by weight of 
caustic soda are equivalent to 66 parts by weight of caustic potash 
as regards the weight of sulphuric acid required to neutrahse the 
soda and the potash respectively. You found that 1 c.c. of the 
standardised sulphuric acid solution neutralised 0-01098 gram 
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of <Miustie potasli (KOH) (p. 160) ; henco <1 c.c. must neuti'alise 
P .: 9^Q . g | x£ ° =0-00784 gram of caustic soda (NaOH). 

The reactions that proceed bot^veen aqueous solutions of sul- 
phuric add and sodium carbonate, and aqueous solutions of sul' 
phui'io acid and potassium carbonate, are expressed by the follow- 
ing equations : — 

(i.) HaSOiAq + Na2C03Aq= NajSO.iAqrf OOaAq -f'HaO ; 
98 106 

(ii.) HjSO^Aq 4- K^COaAq = KaSO^Aq -t- pOaAq + HaO. 
98 188 

(Na=23. K=39, 0=12, 0=16, S=82.) 

If these equations are compared with those which express the re- 
actions between solutions of sulphuric acid and caustic soda, and 
sulqjhuric acid and caustic potash (p. 161), it will be seen that 40 
parts by weight of caustic soda, 66 parts by weight of caustic*' 
potash, 63 parts by weight of sodium carbonate, and C9 parts by 
weight of potassium carbonate, are equivaient to one another, 
in that each of these quantities by weight is neutrahsed by the 
same weight (namely, 49 parts by weight) of sulphuric acid. ’Now, 
if the reaction between a solution of sulphuric acid and one of 
sodimn carbonate, or one of potassium carbonate, takes place 
fairly rapidly, and if you baye some moans for finding out ac- 
curately when the reaction is completed, it is eyWent that you 
can determine the strength of a solution of either of these car- 
bonates (that is, the weight of either carbonate in iv determinate*, 
volume of the solution) by using the solution of sulphuric acid 
which you standardised against a solution of caustic potash of 
Imown strength. For as 1 c.c. of the standardised sulphmio acid 
solution neutralised 0'01098 gram of potash (KOH), it f^ollows 

that 1 c.c. of the same acid solution must neutralise 

» 66 

=0’00784 gram of soda (NaOrf), and = 0'01039 

gram of sodium carbonate (NaaCOj), and ^-^'^£-^=0-01353 
gram of potassium carbonate (KaCOj). 
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The foregoing cdasidarations illuatrate the principle ‘e.iid 
the methods of volumetric, or titrimetric, (luautitative analysis. 
The substance to be estimated is caused to interact, when in 
solution, i» a definite and known way with a standardised (or 
standard) solution of a reagent, and the end of the interaction is 
determined by some visible change that occurs, either in the 
reactiitg substances themselves, or in some other substance used 
as an indicator, TJie essentials of a good volumetric method are 
that the^ reaction between the standard reagent and the substance 
to be estimated, which is made the basis of the method, shall be 
perfectly definitfe, and shall ppt be influenced by moderate 
changes in such conditions as temperature or amount of water 
present ; that the reaction shall proceed rapidly ; and that there 
shall be a sharp and unmistakable indication of the completion 
of the reaction. 

• Those methods of quantitative analysis which are performed 
with standard solutions of reagents are called noZMiMctric methods, 
because measuremenljs are made of the volumes of the solutions 
which interact ; they are also known as titrimetrw methods, 
because standard solutions, that is, solutions of determinate 
strength, are employed (French, tftre=atandard), 

The following explanations of terms that are very often used 
in volumetric analyses will be useful : — 

A standarTl solution is a solution the strength of which is 
known. 

Tho streyigih of a solution is the weight of a stated element 
or compound in a specified volume of tho solution. 

The titre of a solution is the same as the strength of the 
solution. 

Titration is the process of determining the quantity of 
a substance in a solution by running in a standard 
solution. 

Titrating hack. Wh&i a fheasured volume of a standard 
solution, which volume is more than sufficient to 
accomplish the reaction, is run into a solution that is 
being analysed, and the excess of the standard solution 
that has not been changed in the reaction is deter- 
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mined by means of another standard solution, the latter 
part of this process is often called titrating haolc. 

An indicator is a substance |which serves to indicate the 
end of the reaction that is made use of in *a titration 
process. 

The terms normal, decinormal, pcntanormal . . . n-ntrmal, 
■will be understood better -when some analyses have be#n per- 
formed vrith standard solutions. 

Special Apparatus used in Volumetric Analyses 

B^lrettes . — A burette is a graduated tube arranged so that a 
hguid can be allowed to flow from it drop by drop. Burettes 
are generally graduated from 0 to 60 e.c., and each e.e.is usually 
divided into tenths (see fig. 34). The lower end is narrowed, 
and there is a glass stopcock, or a pinch- 
cock which is fitted on to a rubber joint, 
near the orifice. A simple and conve- 
nient method of olo^ng the burette .is to 
put a httle piece of glass rod, rounded 
at both ends by fusion in a hot dame, 
inside the caoutchouc tube which joins the 
burette to a small piece of glass tubing 
narrowed at its lower end ; this piece of 
glass rod prevents the Hquid flowing 
from the burette. When the caoutchouc 
tube is pinched to one side the liquid* 
flows between the caoutchouc and the 
glass rod, and when the hand is removed 
the flow of hquid ceases. Before a 
burette is used it shoidd be washed with 
distilled water, the water being allowed 
to flow through the burette* the burette 
should tUbn be’rinsed -with a httle of the 
standard liquid that is to be used, and the liquid should be 
allowed to flow from the lower end of the burette. The instru- 
ment should then be fiUed to somewhat above the zero mark 
with the standard hquid, which should be aUowed to flow from 
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tbo lower end of th# burette until tbo level of the liquifl. is 
exactly at the zero mark. When adjustmg the level of the 
liquid, the zero mark must be opposite the eye, and the burette 
must he fiMed with the liqmcf to the tip of the lower end. If 
the top of the meniscus curve of the surface of the liquid is 
brought to the zero mark, the level of the liquid left in the 
• bm.-ett6 when the analysis is completed must he read off from 
the top? of the meijisous ; and if the bottom of the meniscus is 
brought^ to the zero mark, the level must be read off from the 
, bottom of the meniscus at the close of the ex- 
periment (see fl^. 36). Eeading,from the bottom 
of the meniscus is, on the whole, more accurate 
when the standard solution is colourless; and 
reading from the top of the meniscus is recom- 
mended when the standard solution is deeply 
polomed. Devices have been invented for helping 
to read the level of the liquid in a bm'ette accu- 
rately ; the simplest is to hold a piece''of white 
paper, behind the burette near the surface of the 
liquid.’- Before running in the standard liquid 
from a burette see that the instrument is dried outside. 

Pipettes. — A pipette is a fairly wide glass tube fused 
on to two pieces of narrower glass tubing, as shown in 
fig. 86. A piipette delivers a determinate volume of 
liquid, at a definite temperatm'e. This volume is marked 
on the iastrmnent. Pipettes to deliver 6 o.o., 10 c.c,, 

85 0 . 0 ., and ^0 c.c., at the ordinary temperature — say 
at 16° — are those which are most frequently used in 
volumetric analyses. The lower end of a pipette 


— B5 


- S6 


-ar 


Fig. 35 


V 


a pipette is 

narrowed considerably ; the upper end should also he narrowed 
slightly. Before it is used, a pipette should be washed with 
distilled water and then rinsed with a little of the solution 
that is to he ahalysed. The liquid to he analysed should then 
be sucked into the pipette till it fs above the mark on the stem, 
when the first finger should be quickly and firmly pressed against 
the upper end of the instrument. By slightly relaxing the 

1 Directions for calibrating burettes will be given in febe more advanced part 
of the oonrse. 
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pi'os&ure of fhe finger the liquid is allowld to flow out of the 
pipette until the level of the bottom of the meniscus curve is 
exactly opposite the mark; while. this is done the mark on. the 
pipette must he exactly opposite ine eye. The measueed volume 
of solution is then allowed to flow from the pipette into ther 
beaker, or other vessel, wherein the estimation is to be con- 
ducted ; after draining for a moment or*two, with the 6nd of 
the pipette touching the inside of the vessel, a single *puff of 
air is sent by the mouth through the pipette.' Pipettes that are 
graduated to cubic centimetres along the stem are sometimes 
used for delivering varying volurqes of liquid. * 

Measuring Flash . — Flasks with long narrow necks, which 
contain, or deliver, stated volumes of liquid at a definite tem- 
perature, are often used in volumetric analyses. The capacity 
of the flask, to the mark on the neck, and the temperature at 
which that capacity is determined, are marked on each flask.. 
Flasks which are graduated to 1 litre (1,000 c.c.), ^ litre 
(500 c.c.), J litre (260 w.c,), and 100 c.c., are the sizes used 
most frequently. Measuring flasks should be fitted with well- 
ground glass stoppers. If there is only one mark on the -neck 
of a measuring flask, it must be known whether the flask’ con- 
tains, or delivers, the volume of liquid marked on it when it is 
filled to that mark. If there are two marks on the neck, the 
flask contains the volume marked on it when it is filled to the 
lower mark, and dehvers the same volume when ’’it is filled to 
the upper mark and the hquid is poured out and the flask is 
allowed to drain for a short time, say for ten or fiftffen seconds.^ ^ 

Note on the Use op FoiuuunrE. — In the foUowing lessons 
a formula in heavy type represents a sohd substance ; a formula 
in ordinary type represents a liquid, or if the formula is followed 
by the symbol Aq an aqueous solution of the substance is to be 
understood ; a formula in italics represents a gasepus substance, 
Formulffi are sometimes emploj^ed qualitatively, in place of the 
names of the substances, for the sake of brevity, and at times 

^ Diroctions for testing the accuracy of pipettes will be given in tlie more 
advanced part of tte course. 

3 Directions for testing the accuracy of measuring flasks will be given in the 
more advanced port of the course. 
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for the sake of griater definiteness; but equations ■which 
represent chemical changes are al'ways to be read quantitatively. 

In this, part of the coursl only a fe'w fairly representative 
yolumetric analyses 'will be performed. A more extended course 
of volumetric analysis ■will be given in the more advanced 
. portion of the ■work. • 

In ihe present part it ■wiU be assumed that the student is 
supplied ■with the standard solutions that are required. 
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ESTIMATIONS OF THE WEIGHTS OP VAHIOUS ACIDS IN 

SOLUTIONS, GIVEN THE BTANDABL SOLUTIONS THAT AHE 

NEOESSAHY 

Apparatus and materials required. — Standard solution of 
potash. Standard solution of soda; also unstandardised solu- 
tion of soda. Standard solution of nitric acid. Solutions of 
hydrochloric acid, sulphuric acid, and acetic acid, the strengths 
of which are known but are not indicated on the bottles-. 
Neutral litmus solution (see Note at end of lesson). Methyl 
orange solution (see Notli at end of lesson^. Burette graduated 
in 0 . 0 . from 0 to 50 c.c. Pipettes to deliver 10 o.o., 25 o.o., 
and 60 c.c. 

Experiment I. — To find the grams of hydrochlorio acid 
{HOI) in 1 c.c. of an aqueous solution of that acid ; given a 
standard potash solution. 

Note. — ^In the experiments in this lesson, where the 
strength of a solution is indicated by the use of the sign of 
eq^uality, that sign means ‘ contains ’ ; for insDtince, ‘ 1 p.d. 
KOHAq = ’0066 gram KOH,’ means ' 1 c.c. of the potash 
solution contains '0066 gram solid potash.’ 

Beaction. — The reaction which occurs when potash solution 
is added to HOlAq until the solution is exactly neutral is as 
follows — ,. 

HClAq -p KOHA<i = IvOlAq -f HjO. 

This equation tolls that 36’6 grams of hydrochlorio acid 
{HOI) are neutralised by 6G grams of potash (KOH). 

If the weight of potash (KOH) required to neutralise an 
unknown weight of hydi’ochloric acid {HOI) is known, the 



I 


TOLUMETRIG ESTnvUTION OE ACIDS 


159 


weight of hydrooliloi’to acid neutralised is easily calculated from 
the equation. 

Pbooe^. — M easure into beaker, of about 200 c.c. (say 
.0 oz.) capacity, a certain volume of the given HOlAq ; 26 o.o. is 
a convenient quantity ; add 6 or 8 drops neutral litmus solution, 
and ajittle water ; plane the beaker on white paper, and run in 
the gi^jen standard 'potash solution from a burette, shaking 
constantly, until th*e litmus assumes the neutral colour. Eepeat 
the titration twice, using in one case 10 c.c., and in the other 
case 26 c.c., of the HOlAq. If the three titrations agree closely, 
take the mean. " 

Caloulation. — -Suppose 26 c.c. of the HGlAq to be taken ; 
and suppose that 20 c.c. of a standard potash solution of such a 
strength that 1 c.c. = '0050 gram KOH were used ; then the 
•weight, in grams, of KOH used for neutralisation was 
20 X •0066 = ■112 j^ram. 

(1 c.c. KOHAq eontams '0050 gram KOH ; therefore 20 c.c. con- 
tain -OOGO X 20 gram KOH.) 

Now, as 56 grams KOH neutralise 36‘6 grams HOI (in solu- 
tion), it follows that •112 gram KOH mirst neutralise '073 gram 
HCI-. 

8 6-5 X -112 ^ 

'' 66 

Therefore the 26 c.c. HGlAq used for the estimation contained 
*078 gram ifOl. 

Therefore 1 c.c. of the given HGlAq contains '00292 gram 
HGl. 

Perform three other titrations of the hydrochloric acid 
solution, using methyl orange as indicator. 

Note. — Titrations in ^hieJi methyl orange is used as in- 
dicator 'must be conducted with cold liquids. 

Note on Calculations, — If the student will take care to dis- 
tinguish clearly figures which represent weights of sohd sub- 
stances from those which represent volumes of solution, he ^vill 



160 


PEAOTICAl CHEMISTET 


LESSON XXIS 


itaVe no difficulty in performing the oalcldations. When a cal- 
culation is being worked out, there should be noted opposite 
the figures obtained at each ste]^ of the process exactly what 
these figures represent. Figures representing volftmes (cubic 
centimetres) must be applied only to solutions. Care must Fe 
taken to distinguish between compounds and aqueous solutions 
of these compounds ; for instance, pofash is not to Be con-' 
founded with an aqueous solution of potash. The ub% of the 
symbol Aq will be found very convenient ; for instance, one 
might write, with sufficient accuracy, 6 grams, or ‘006 gram,. 
KOH, hut not 6 c.c. KOH. If it is wished to*^ express shortly, 

‘ C c.c. of an aqueous solution of potash,’ it is convenient to 
write ‘ 6 c.c. KOHAq,’ 

Tha student must accustom himself to write out his results, 
and record his aaloulations, in a clear and methodical way. 

r 

Experiment II. — To find the strength of a solution of sul- 
phurio acid ; given a standard solution of caustic soda, 

Eeaction. — T he reaction which occurs when soda solution 
is added to sulphuric acid solution until the liquid is exactly 
neutral is as follows : — 

HjS 04 Aq + 2NaOHAq = Na2SO,Aq -i- 2 H 2 O. 

This equation tells that 49 grams of sulphuric acid (H2SO.1) are 
neutralised by 40 grams of soda (NaOH). ^2804 = 98; 
2NaOH = 80.] 

Peooesb. — M easure into a beaker, of about 200 c.c. (say 
6 oz.) capacity, 10 c.c. of the given sulphuric acid solution ; add 
6 or 8 drops neutral litmus solution, and a little water. Place 
the beaker on white paper, and run in the standard caustic soda 
solution from a burette, shaking consianthj, mrtil the litmus 
assumes the neutral tint. Eepeat the titratiqn twice, using 
25 c.c. of the H2S04Aq each time, a»d employing methyl orange 
as an indicator. If the three titrations agree fairly closely, take 
the mean. 

Oauoulation. — S uppose that 60 c.c. of theHjSOiAq required 
46‘8 c.c. of the standard soda solution for neutrahsation ; and 
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suppose that 1 c.c. the standard soda =-0044 gram NaOH ; 
then the weight of ITaOH used was 46'8 X‘0044 = ‘19982 gram. 

As 40 grams NaOH neutralise 49 grams HoSOi in solution, 

it follows that • 19932 gram l^ioH must neutralise 
. 40 

='24417 gram H2SO4. Now, as '24417 gram H2SO4 is con- 
tained»in 60 c.c. of the H2S04Aq "the strength of which was to 
be fouad, it follows that the strength of the given solution of ' 
sulphuric acid is expressed by any one of the following state- 
ments : — 

•1 c.c. = '004883 gram H2SO4 
10 0.0. = '04888* „ „ 

100 c.c. = '4883 „ „ 

1 litre contains 4'883 gram H2SO4. 


Experiment III . — To find the strength of a solution of 
'acetio acid; given an unstajidardised catvstic soda solution, 
and a standard solution of nitric acid.^ 

Rjlaotions. — The reactions ■which occiu' when solutions of 
nitrid acid and acetic acid respectively are neutralised by soda 
solution are as follows ; — * 


(i.) HNOjAg 4- NaOHAq = NaNOjAg -h H3O ; 
68 40 


(ii.) H.O^sOjAq -(- NaOHAq = Na.C2H302Aq -)- HjO. 
60 40 


neutralise 


, or that any defi- 


These equations tell that 40 grams of caustic soda (BTaOH) 
f63 grams nitric acid (HNOj) 

1,60 grams acetio acid (H.CoH^Oj) 
nite weight of caustic soda neutralises weights of nitric acid 
and acetio acid respectively which are in the ratio of 03 
to GO. • 


O 

Pkocbss. — I. Measure into a beaker 10 0.0. of the given nitric 
acid solution, add 6 or 8 drops of a neutral solution of litmus, 
and a little water ; place the beaker on while paper, and run 
in the unstandardised soda solution from a burette, shaking 
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coK« until the litmus assumes theftieutral tint. Eepea 
the titration, using 26 o.o. of the HNOuAq, and methyl orange 
as indicator. If the titrations agree fairly closely, take the mean, 
and enter the result in your note'-took in this form : » 

26 0 . 0 . standardised HNOjAq are neutralised by x e.c. NaOHAq 
(putting in the value oj x). 

n. Repeat the process described in I.,»but use (i.J'lOo.o., 
(ii.) 26 C.O., of the given acetic acid solution, and employ phenol- 
phthalem in hath cases as indicator. 

Enter the result in your note-book in this form : 

26 0 . 0 . H.OaHjOjAq are neutralised by yo.o. NaOHAq 
(putting in the value of y), 

Galoulations. — I. Suppose you foiind that 26 o.o. HNOsAq 
are neutralised by 20‘2 o.o. NaOHAq, and that 26 o.o. H.C 2 H 302 Aq 
are neutralised by 18‘6 ,p.c. of the same NaOHAq ; it follows 

that — = 27'8 c.c. of the H. 02 H 302 Aq will be neutralised 
lo '6 

by 20'2 0 . 0 . of the NaOHAq. 

You have then this statement : 

(26 0 . 0 . HNOaAq are neutralised by 20'2 o.o. NaOHAq ; 
t27’8 0 . 0 . H. 02 H 302 Aq are neutralised by 20’2 c.c. NaOHAq. 

II. Now, the HNOjAq was a standard solution : suppose 
1 0 . 0 . of it contained -0060 gram HNO 3 , them 26 o.o. (the, 
volume used in the analysis) contained 26 x ’006 = ‘160 gram 
HNO 3 . Now you know, from the equations given already, 
that any specified weight of caustic soda (NaOH) neutralises 
weights of nitric and acetio acids which are in the i;atio of 
68 (HNO 3 ) to 60 (H.O 2 H 3 O 2 ) ; as your experiments indicate 
that the weight of caustic soda which neutraliess 'IdO gram 
of nitric aoid (HNO 3 ) ^ilso neutralises that weight of acetic 
acid (H.O 2 H 3 O 2 ) which is contained in 27'8 0 . 0 . of the solution 
of acetio aoid whose strength you are determining, it follows 

that this weight of acetio acid must be = '14286 gram. 

68 
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That is to say, you® have found that 27’8 o.o. of the given 
H.CgHjOaAq oontains •14286 gram H.C 2 H 3 O 2 ; hence, 

1 c.c. of the given aoetio aiiid solution contains '00523 gram 

H.O2H3O2 ; 

or, 100 0 . 0 . of the given acetic acid solution contain •623 gram 

'H.C2H3O2; • 

or, 1 hire of the ^ven aoetio aoid solution contains 6'28 grams 

H-CaHsOj. 


NOTES ON NEUTBAL LITMUS, METHYL OBANGE, AND 
PHENOLPHTHALEIN SOLUTIONS AS INDIOATOBS 

Neutral litmus solution is prepared by heating nearly to 
boiling about 50 grams of powdered litmus (a blue colouring 
matter obtained from certain lichens) with about half a litre of 
distilled water, in a h^sin, for some hours, allowing to settle, de- 
canting the clear liquid, again digesting the residue with hot 
water for some hours, and again decanting the clear liquid. 
The mixed liquids are then evaporated to about 500 c.c., a slight 
excess of acetic aoid is added, and the liquid is evaporated till it 
begins to get thick ; about 600 c.c. of warm methylated spirit 
are then added^ whereby the pure blue colouring matter is pre- 
cipitated ; the pp. and liquid are thrown on to a large filter ; 
the solid matter on the filter is washed two or three times 
Vith hot melhylated spirit, and the washed substance is then 
dissolved by pouring warm distilled water on to the filter. An 
exceedingly sensitive solution of litmus may be obtained by boil- 
ing 100 grams powdered htmus with 700 c.c. water for some 
time, dScanting the clear hquid, boiling the residue with 300 c.c. 
water, and decanting ; mixing both quantities of liquid, and 
again decanting after stan^ng for two days. Hydrochloric acid 
is then added to the liquid till it is very decidedly acid, and the 
solution is dialysed, in running water, until the liquid in the 
dialyser is perfectly neutral ; this process "will occupy about a 
week. The neutral liquid is then diluted with distiUed water, 
Litmus solution should be kept in open bottles. 
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■Solution of litmus ia coloured pui’ple-ft’ed by carbon dioxide 
in solution. 

Neutral methyl orange solution ia prepared by dissolving 
1 gram of methyl orange in a litre of distilled water.f’ 

Methyl orange (also called tropaeolin D, and orange III) is 
the sodium salt of phenyl-amido-azo-benzene aulphonic acid. A 
neutral solution of methyl orange is yellowish red without any 
shade of pink ; acids tmm the solution rose-pink, and alkalis or 
alkaline carbonates turn it yellow. A solution of carbon dioxide 
does not affect the colour of methyl orange. This indicator 
must always be used in cold solutions. 

Methyl orange solution does not indicate the close of a 
neutralisation process, except when tolerably strong acids are 
used ; it cannot be employed with the common organic acids. 

Phenolphthalein solution is prepared by dissolving a gram of 
the compound in about 800 c.c. alcohol (60 per cent.). This 
solution is colourless in the presence of an acid, but becomes 
magenta-red with the slightest excess of alkali, Phenolphthalein 
solution is very useful for the titration of weak acids (acetif acid, 
for instance ) ; such acids do not give sharp colom'-changeS with 
litmus or methyl orange. 
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LESSON XXX 

ESTIMASIONS OE THE STBBNGTHS OS' SOLUTIONS OP ALKALIS AND 

ALKALINE CARBONATES, GIVEN THE STANDARD SOLUTIONS 

THAT ABE NECESSARY 

• 

Apparatus and materials %'equired . — Standard solution of 
potash. Standard solution of hydrochloric acid. Unstandardiscd 
solution of oxalic acid. Solutions of caustic soda, ammonia, and 
sodium carbonate, the strengths of which are known but are not 
indicated on the bottles. Neutral litmus and methyl orange 
'solutions. Burette and pipettes. 

Experiment I. — To analyse qutintitatively solutions of 
caustic soda (NaOH)‘ ’and amrrmiia {NHfj ; given a standardised 
sohUion of potash and an unstandardised solution of oxalic 
acid. 

Eeactions. — (i.) HaOaO^Aq + 2KOHAq = K20aO,,Aq + 2HaO. 

90 112 

(n.) HaCaO^Aq + 2Na0HAq = Na2020,,Aq + 2H20. 

90 80 

<iii.) HaCaO.Aq + 2NHaAq= (NH,t)2C20.,Aq. 

90 34 

These equations tell that any definite weight of oxalic acid 
(HaCaO, ,) when in aqueous solution neutralises weights of potash, 
soda, and ammonia, respectively, that bear to one another the 
proportion of C6 (KOH) to 40 (NaOH) to 17 {NHf), 

Process. — I. To 10 c.e. of the given standard potash solution 
run in the given oxaho acid solution till the liquid is neutral, 
using litmus as indicator, Eepeat the titration with 26 c.c. of 
the potash solution. Take the mean if the results agree well ; 
if there is a discrepancy of more than ’2 e.c., repeat the titration 
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a third, and if necessary a fourth, time.j, Enter the result in 
your note-book thus : 

26 c.c. standardised KOHAq = x e.o, of the HaOaO.iAq 
(inserting the Qalue of a:). r 

Notice that the sign = here means ‘ are neutralised hy.’ 

n. Titrate the given soda solution by the osalio acid solu- 
tion, making at least two titrations, usmg litmus as indicator. 
Enter the result thus : 

26 0.0. of the NaOHAq = c.c. of the H2C204Aq 
(inserting the value of y). 

m. Titrate the given ammonia solution by the oxalic acid 
solution, making at least two titrations, and using litmus as 
indicator. Enter the result thus : 

26 0.0. of the NHgAq = z o.c. of the H2C204Aq 
(inserting the value of z). 

OALOutATioHS. — I. Oftlculato the number of o.c. of the soda 
solution that are neutralised by x c.c. of th& oxalic acid solution, 
that is, by the volume of that acid solution which neutralises 
26 0.0. of the standard potash solution ; let this volume of the 
soda solution be a o.c. 

n. Calculate the number of o.c. of the ammonia solution 
that are neutrahsed by x c.c. of the oxaUe acid solution, that is, 
by the volume of that acid solution which neulralises 26 c.c. 
of the standard potash solution ; lot this volume of the am- 
monia solution be b c.c. 

III. You have now obtained these results ; 

26 c.c. standard KOHAq = x c.c. H2C2O4A9 
a c.c. given NaOHAq = x 0.0. „ 

& o.c. ,, NH3Aq = a!C.o. „ 

The weights of KOH, NaOH, and NSg in the three volumes 
26 c.c., a C.C., and b c.c., must be inrthe ratio of 66 : 40 ; 17. 
Now, as the KOHAq is a standard solution, a simple multiplica- 
tion gives you the grama of KOH in 25 o.c. of that solution ; 
knowing this it is easy to find the grams of NaOH in a c.c. ol 
the NaOHAq, and the grams of NHa in b 0.0. of the NHgAq. 
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Divide the grams of jNaOH thus found by a, and the granis of 
NH^ thus found by b, and you have the grams of NaOH, and 
the grams of NE^, respeotively, in 1 o.c. of each solution. 

The folhioing example wili make the method clear : — 

Standard KOHAq 1 c.c. = '0066 gram KOH. 


25 0 . 0 . standard KOHAq = 26 c.c. H 2 Ca 04 Aq. 

26 0 . 0 . given NaOHAq = 22‘2 c,o. „ 

25 0 . 0 . * „ NHjAq = 20‘8 c.o. „ 


Now, — 


26 X 25 


22 - 2 * 


= 28'16 ; and 


26 X 26 
20-8 


: 30-06 ; 


hence, 25 c.c. standard KOHAq = 26 c.c. H 2 C 204 Aq ; 
28-16 0 . 0 . given NaOHAq = 26 c.c. „ 

80-06 0.0. ,, NH3Aq = 26c.c. ,, 


Now, 25 0 . 0 , standard KOHAq contain 26 x -0066 
= -140 gram EOH ; 

hence, 28-1 6 o.o. of the given NaOBtAq contain 

•3 

= -10 gram NaOH ; 

and 80-06 o.o. of the given NHgAq contain 

00 

= -0426 gram NEg. 


■ K««%. 5^5 -00855;. ad 00144. 


Hence, the results are : — 

1 c.o. oA the given NaOHAq contains ‘00865 gram NaOH ; 
and 1 0 , 0 . „ „ NHjAq ,, ‘00144 „ EEg. 


Experiment II . — To find the grams of sodium carbonate in 
one Hire of a solution of that salt ; given a standard solution of 
hydrochlorio acid, 

Ebaotion. — NajCOsA^ + 2H0lAq = 2NaClAq +■ COa + HjO. 
106 73 

This equation tells that the weights of hydrochlorio acid {HGl] 
and sodium carbonate (Na 2003 ) which react, in aqueous solu- 
tions, to form a neutral liquid, are in the ratio of 36-5 to 
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68. . Some o£ the 00.^ which is produced ij the reaction escapes 
as gas, but some remains in solution in the liquid ; if the liquid 
is boiled for some minutes the whole of the carbon dioxido is 
driven out as gas. Now, COjAq Changes the colour'' of neutral 
litmus to wine-red ; but COaAq does not affect the colour of 
methyl orange. If, then, litmus is used as indicator the liquid 
must be boiled, and the close of the reaction must be determined 
in a boiling liquid ; hut if methyl orange is. used as iAdioator 
the titration is performed without heating. 

Peocbss. — I. Measure 10 c.c. of the given NaaCOsAq into ' 
a beaker, add a little water, and a few drops of neutral litmus 
solution. Eun in the standard acid solution until a reddish 
pmple colour is produced in the liquid, and then boil for a few 
mmutes. The colour of the solution will go blue, showing that 
all the Na 2 C 03 in solution has not been neutralised. Now keep 
the solution boiling, and very slowly run in the standard acid' 
solution drop hy drop, taking care that the solution actually 
boils for a few moments after each small addition of add, until 
the neutral colour is produced. Repeat tho titration, using 2$ c.e. 
of the Na 2 C 03 Aq. 

II. Measure 10 c.c. of tho given NasOOsAq into a beaker, 
add a little water, and a few drops of neutral methyl orange, and 
run in the standard acid solution, without warming, until the 
neutral colour appears. Repeat the titration, using, 26 c.c. of tho 
Na, 2 C 03 Aq. 

Oaloulation. — Suppose the standard HOlAq were of such 
a strength that 

1 c.c. ='00366 gram EGl ; 

... and suppose that 26 c.c. of the NasCOgAq were neutralised by 
26'8 c.c. of the standard HOlAq. Then, grams of JSCk used 
= 26'8 X '00306 = '09782. 

Hence, from equation which expresses the reactlbn, grams of 
lTa 2 C 03 neutralised by '09782 gram HGl =-^^-^^^|^='1420. ' 

Now, as 26 c.c. of the NaaCOaAq were used, there is '142 gram 
NajOOa in this 26 c.c., which is equal to '668 gram in 100 c.c. 

Hence, one htre of the solution of sodium carbonate contains 
6'68 grams pf the salt NaaCOg. 
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. « 

LESSON XXXI 

• • 

PBEPAB4.TION OB ^SOLUTIONS OP HYDEOOHLOBIO AOID, AND 

AMMONIA, OP SPEOIPIED STBHNflTHS ; THE BTANDABD SOLD- 

TIONS THAT ABB EEQUmED BEINO GIVEN 

• 

Apparatus and materials Required. — Standard solution of 
sodium carbonate. Standard solution of sulphuric acid. Sodium 
chloride. Ammonium chloride. Caustic soda. Litmus and 
methyl orange solutions. Flask of about 8 or 10 oz. capacity, 
fitted with caoutchouc cork carrying a funnel-tube and an exit- 
tube bent twice at right angles, the longer limb being about 
400 mm. (16 inches) long. , 

Experiment 1 — 'Preparation of a solution of hydroohlorio 
acid 'containing '005 gram HOI per c.o. ; given sodium chloride 
and cone, sulphuric acid, and a standardised sohstion of sodium 
carbonate. 

Eeactions. — I. For the preparation of a solution of hydro- 
chloric acid. • 

(i.) 2NaCl -t- H2SO4 = NaaSOi + mOl. 

. * 117 78 

(ii.) mOl -f Aq = 2H01Aq. 

II. For titration of the solution of hydroohlorio acid. 

2HClAq -p NaaCOjAq = 2NaGlAq -|- CO2 -t- H2O. 

73 106 

Eeaction (i.) shows that 73 grams of HGl ore obtained by the 
complete decomposition 9i 117 grams of NaCl ; suppose it is 
decided to prepare about a quarter litre (250 0.0.) of the solution 
of hydrochloric acid containing -006 gram HOI per c.c., the 
weight of HOI that should be present in this 260 c.c. of water 
wiU be '006 x 260 — 1'26 grams ; to give this weight of HOI, 
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117 X 1'2C „ _ 

— = 2'00 grams of common 


/all 


will be required. 


More than this weight of salt should be used, as it is not likely 
that the whole of the salt will Wj decomposed ; and, moreover, 
matters should be arranged so that the solution of liydroohlorio 
acid is certain to be stronger than is directed, because it is very 
easy to dilute a solution to a specified strength, but if a Solution’' 
is not strong enough the process of preparjng the substance in 
the solution must be performed a second time. 


Peooess. — I. Sat up an apparatus like ijiat described in’ 
Lesson XXIY., Experiment Ir (fig. 28, p. 114) ; put about 
250 e.c. of distilled water in the beaker, and about 6 to 8 grams 
of sodium chloride (about half a test-tubeful) in the flask ; and 
proceed as directed on p. 114 until the evolution of gas has 
nearly ceased. 

II. Thoroughly mix the solution of hydrochloric acid 
you have prepared by repeatedly shaking the leaker. With- 
draw 10 e.c. of the liquid, and determine it« strength by titration 
with the standardised Na^COsAq, using methyl orange as 
indicator ; repeat the titration -with (i.) 10 c.c,, (ii.) 26 o.c. Take 
the mean of the three titrations, calculate the strength of the 
solution, and enter the result in your note-book in this form : 

1 0 . 0 . HClAq contains x gram MOl (filling in the value of x). 

¥ ^ 

Now calculate the volume of water which must be added to 
1 c.c. of the HClAq you have made in order that the liquid thus 
produced shall contain ’006 gram HGl per c.c. [^ee forward ) ; 
dilute a convenient quantity of the HClAq (say about 26 o.c.) 
with exactly the calculated volume of water (measured from a 
burette, or from pipettes and a burette), mix thoroughly, and 
make two determinations of the strength of this solution by 
titration with the standard Na 2 G 0 aAq, using methyl orange as 
indicator, to make sure that the solution is exactly of the proper 
strength. 


CALOunATiON FOR DILUTION. — Suppose you found that 1 o.c. 
of the HClAq you made oontams -01466 gram HOI. You must 
increase the bulk of 1 o.c. of this solution by adding such a 
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volume of water that 1 c.c. of the new solution shall contain 
•006 gram HOl\ in other words, you must cause the •01465 
gram of HOI, now present in 1 c.c. of the solution, to be 
disseminated through so mu(^ water that when 1 c.c. is taken 
out of this solution that 1 e.o. contains *006 gram HOI. 

Put it in this form; as 1 c.c. of the solution at present 
■ contains •01465 gram HGl, what fraction of a c.c. contains 

•006 gramSOZ? Evidently ^ 02455 ^ ' = •343G c.c. If, then, you 

measured off •8436 c.c. of the solution, and added to this •6664 c.c. 
water (1 - •3436«=: •6664), you would have 1 c.c. of a solution 
containing •OOS gram !H01. “Shu cannot measure off •8486 c.c. 
of the solution ; but you can measure off 34‘4 c.c., and add to 
this 66^6 c.c. of water, and so obtain 100 c.c. of a solution of the 
desired strength. 

Or, put it in this form : if 1 c.c. of the solution contained 1 
milligram of HOI, and it was desired that 1 c.c. should contain 
half a milhgram of HOI, it is evidenl^ that you would have to 
double the volume o£«the solution by adding water (for then the 
solutfon would contain 1 mgm. HGl in 2 c.c., and, therefore, 
half a mgm, in 1 c.c.) ; hence, if you increase the volume of 
1 c.c. of the solution you have made in the ratio of •OOd to '01466 
you will have a solution of the desired strength. Now, 

= 2^91j therefore, to 1 c.c. of the solution you must add 

1‘91 c.c. of water, or to 10 c.c. you must add 19'1 c.c. of water, 
,or to 60 c.c.;j'Ou must add 95^6 c.c. of water. 

The results of these two ways of considering the matter may 
be expressed, shortly, as follows : 

(i.) Let there be a grama of the compound in 1 c.c. ; and let it 
be desired to have b grams of the compound in 1 c.c. [b < a). 

Then ~=x 0.0. : and 1 - a; = c.c. of water to bo added to 
a • ’ 

X c.c. of solution. • 

(ii.) Let a and b have the same meanings as in (i.). 

Then 2 / c.c., and y — 1 == c.c. of water to be added to 

1 c.c. of solution. 
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JExperiment II. — Preparation of a solution of ammonia 
containing 'QQIS gram per cx. ; given ammonium chloride 

and caustic soda, and a standard solution of sulphuric acid. 

Reactions. — I. For the preparation of a solution of ammonia. 

(i.) NHiCl + NaOHAq = NaClAo + H,0 + NH^. 

5Q-5 7 

(ii.) AiHg + Ac[ = NH3Aq. 

n. For the titration of the solution of ammonia. 

SNHsAq + H 5 S 04 Aq = (Ng 4 ) 2 S 04 *'Aq. 

84 98 

Equation (i.) shoivs that 17 grams of NH^ are obtained by the 
complete decomposition of 68-6 grams of NH4CI ; that is, what- 
ever weight of NII 3 is required,- about three times that weight of 
IIH4CI must be used. You are asked to prepare about a quarteif 

litre of the solution of ammonia with ‘0016 gram NHs per c.c. 

• 

Peocess. — I. Wash out the apparatus rtsed in Experiment I, 
for making HClAq ; put about 4 grams of IIH4CI (about quarter a 
test-tubeful) into the flask ('OOIS x 260= •376 gram A/lffg are re- 
quired ; •875 X 8, say, 1'2 grama ®rH4Cl, approximately, required ; 
about 8 times as much as this should be used), and then add a 
few test-tubesful of water, and a stick of caustic soda ; put about 
250 0.0. of distilled water into the bealcer, an& surround tHe 
beaher with cold water ; heat the contents of the flask to boil- 
ing, and boil for, say, 10 minutes. 

II. Thoroughly mix the liquid in the beaker ; then determine 
the strength of the solution by titration with the standard 
4, sulphuric acid, making three titrations, and using both litmus 
and methyl orange as indicators. Now. calculate the gi^ms of 
WSTg in 1 c.c. of the solution. Then calculate the dilution 
needed to make the solution of the required strengtlf; dilute about 
40 or 50 c.c. with the proper volume »f water ; mix thoroughly, 
and determine, by titration with the standard sulphuric acid, 
whether the diluted solution is of the proper strengtL 
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EXEBOIBBS ON THE ESTIMATION OW ACIDS, AEKALIS, AND 
AEKAEINB OABBONATBS 

• 

The common alkalis are soia (NaOH), potash (KOH), and 
ammonia solution (NH.iOHAq, or NHaAq) ; solutions of lime 
(CaOj and baryta (BaO) are also often classed as alkali solutions. 

The cmmmnest acids are hydrochloric (SGI), nitric (HNO3), 
^sulphuric (H.^SO^), and acetic (H.C.^HsOj). Other tolerably 
common acids in the laboratory are oxalic (H2C2O4) ; and 
solution of hydriodio acid (HLAq)^ and hydrobromie acid 
(HBi'Aq). e 

She common alkali carbonates are sodium carbonate 
(Xa^COs), potassium carbonate (KaCOa), amd ammonium car- 
bonate ((1J'H4)2C03). 

If a solihtion is given to be analysed gualitatively and 
guantitatively, that solution containing an acid, an alkali, or an 
dlkali carbonnte, begin by testing the reaction of it to pieces of 
red and blue litmus paper. If alkaline, test another portion by 
adding a Ijjitle dilute acid and noticing whether there is 
effervescence or not ; as the sokitmis used in volii/nietrio 
analysis are necessarily very dilute, the amount of effervescence 
luill be vary small. Having thus determined to which of the 
three ^classes the compound in solution belongs, apply special 
teats to determine what the compound is. 

Solutions oj caustic soda or sodiutn carbonate impart a deep yellow 
colour to a hot non-lummoua Hamo, when a clean platiniuu wire is dipped 
repeatedly into the solution and is then brought into the flame. 

Solutions of caustic potash or potassium carhemate impart a lavender- 
violot oolour (whioh appear reddish violet through blue glass) to a hot non- 
luminous flame, when a clean platinum wire is dipped repeatedly into the 
solution and is then brought into the flame. 
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JI solution of ammonia smells of ammonia, esl^eoially when wanned ; a 
piece of red litmus paper turns blue when held in the steam coming off from 
the warmed liquid. 

A solution of ammonium carbonate fives off ammonia whfn boiled after 
addition of oaustio potash, or soda, solution. . 

A solution of lima soon becomes turbid on exposure to the air, from 
formation of CaCOj ; the solution gives a white pp. (CaCjO,) on addition , 
of ammonium oxalate solution, and the pp. is not dissolved by acetic 
acid. t- *" 

A solution of baryta rapidly becomes turbid on exposure to the air, 
from formation of BaCOj , tho solution gives a white pp. (BaSO,) on addition 
of a little very dilute sulphm-io acid ; this pp. does not dissolve in hydro- 
cMoric acid solution. '' 

A solution of hydrochloric acid gives a white pp. (AgCl) on addition of 
silver nitrate solution ; this pp. is easily soluble in ammonia solution. 

A solution of hydrobromia acid gives a nearly white pp. (AgBr) on 
addition of silver nitrate solution; this pp. is, dissolved fairly easily by 
ammonia. If a solution of hydrobromio aoid is mixed with an aqueous^ 
solution of chlorine (till the smeU of chlorine is apparent), and is then 
shaken with a lew drops of carbon disulphide and allowed to settle, 
tho carbon disulphide soporates from the rest of, the liquid at the bottom 
of the test-tube, and is coloured red-brown from the presence of biiomine 
dissolved in it. 

A solution of hydriodre acid gives a pale yellow pp. (Agl) with silver 
nitrate solution ; this pp. is nearly insoluble in ammonia. If a solution of 
hydriodio acid is treated with chlorine water, and then with carbon 
disulphide, as directed in the test lor HBrAq, the carbon disulphide becomes 
coloured violet-red from the presence of iodine dissolved hj, it. • 

A solution of sulphuric acid gives an immediate wliite pp. (BaS0<) with 
solution of harium nitoate, and tho pp. is insoluble in HGlAq. 

A solution of nitric acid gives a brownish black colour (due to formation* 
of compounds of nitric oxide with ferrous sulphate) when the liquid is mixed 
with a good deal of cone, sulphuric aoid, and cooled thoroughly, and a solu- 
tion of ferrous sulphate, feeshly prepared iu cold water, is then slowly poured 
doivn the test-tube so as to float on the surface of the heavier liquid con- 
taining sulphuric acid. (For detailed directions, see p. 70.) • 

A solution of oxalic acid gives a white pp. (CaCjOj) with solution of 
calcium chloride, and the pp. is insoluble in acetio aoid. • 

A solution of acetic acid smells of vinegat, especially when warmed. If 
a solution of acetio aoid is mixed with a little ferric chloride solution, 
and a very dilute solution of ammonia is then added, drop by drop (mixing 
thoroughly after the addition of each drop), a red colour (due to the forma- 
tion of ferric aeetats) is produced in. the liquid before the formation of a 
reddish pp. (FeOsHj) occurs, 
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NOTE ON NORMAL AND DEOINOBMAL STANDARD SOLU- 
TIONS OE ACIDS, ALKALIS, AND ALKALINE CARBO- 
NATES 

The standard reaction is neutralisation of soda or potash by 
- an acid ; for instanoe, 

* HOlAq -f NabHAq = NaClAq + HgO ; 

* 36'6 * 40 

HjSO^Aq -f 2EOHAq = KaSO^jAq -f 2H2O ; 

49 X 2 . 66 X 2 

2H01Aq + NaaGOgAq =*2Na01Aq -h GO^ -f H^O. 

86-6 X 2 63 X 2 


A solution of that number of grams of an acid -which neutralises 
40 grams soda or 66 grams potash (NaOH = 40, KOH = 56) in 
1 htre (1,000 c.o.) of -u'ater is a normal solution of an acid. Thus 
{HGl — 36'5, H2SO4 = 98) 86-6 grams HGl, or 49 grams 
H2BO4, in 1 litre of -water is a normal nolution. 

A solution of that number of grams of an alkali, or alkaline 
carbonate, -which neutralises S6'5 grams ffGl, or 40 grams H2SO4, 
in 1 litre of water is a normal solution of an alkah, or alkaline 
carbonate. Thus (KOH = 66, NagCOj = 106) 56 grams KOH, 
or 63 grams Na2C0a, in 1 htre of water is a normal solution. 

Normal solutions are usually denoted by N, and decmormalby 
IST N 

— ; thus ^ sulphuric acid means a solution containing 4‘9 

grams of H2SO4 per litre = '0049 gram H2SO4 per 0.0. 

A specified wolume of a normal (or decinormal) solution of 
any acid is equal in neutrahsing power to the same volume of a 
normal (or decinormal) solution of any other acid ; also 1 c.o. 

N soda 'Solution neutrahses 1 c.c, N acid ; 1 c.e. — sodium car- 


10 


bonate solution neutrahses 
o 


N 


1 0.0. ^ acid, and so on. 


The strengths of decinormal solutions of the commonly used 
acids, alkalis, and alkahne carbonates, are as follows ; — 

N 


10 


HOlAq contains '00866 gram HOI per c.o. {EOl = 8C'6.) 
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• ^ HNOjAg. Qontaina *0063 gram HNOy per c.o. (HNO 3 = 63.) 
H 2 S 04 Aq containa '0049 gram H 28 O 4 per c.o. (H 2 S 04 = 98.) 

H.OaHgOjAq contains *0060 gram H.O 2 H 3 O 2 per o.c. 
(H.O 2 H 3 O 2 = 60.) 

Ha 0204 Aq contains ‘0046 gi-am H 2 C 2 O 4 per 0 . 0 . 

(H 3 O 2 O 4 = 90.) 

— NaOHAq contains ‘0040 gram NaOH per c.c. (NaOH = 40.) 
^ KOHAq contains ‘0066 gram KOH per 0 . 0 . (KOH = 66 .) 

NHjAq contains ‘0017 gram NHg per 0 . 0 . = ‘0085 gram 
NH 4 OH per 0 . 0 . (NH 3 = 17 ; NH 4 OH = 85.) 

^ OaOAq contains ‘0028 gram CaO f er c.o. = ‘0037. gram 

Ca 02 H 2 per 0 . 0 . (CaO = 66 ; Ca 02 H 2 = 74.) 

^ BaOAq contains ‘00766 gram BaO per c.c. = ‘00866 gram 
BaOaHj per 0 . 0 . (BaO = 163 ; BaOjHj = 171.) 

r> 

~ NajCOsAq contains ‘0058 gram lira 2 C 03 per o.c. 

(NasCOg = 106.) 

^ K 2 C 03 AqcontainB ‘0069 gram K 2 C 0 gper c.c. (K 2 CO 3 = 138.) 

(NH 4 ) 2 C 03 Aq oontams -0048 gram (^ 114)2003 per 5 ,o.o. 
((NH4)2C03 = 96.) 

The EonnowiNG Bxeboiseb abb &ivbn as SuflOESTioNS : — ’ 

Exercise I . — Analyse qiialitatively and quantitatively the 
solutions A, B, and G ; each of which contains an acid, an 
alhali, or an alkaline carbonate. 
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Exercise II. — (i.) fVhat is the strength of the solution D after 
it has been diluted with its own vohmie of water ? 

(ii.) If all the oxygen in th^ acid, alkali, or allcaline carbonate 
in solution Til were obtained, how many c.c. of oxygen, measured 
at 0° and 760 mm,, would be got from 100 c.c. o/ E ? 

Esteroise III. — (i.) ‘If an excess of silver nitrate sohition wes'e 
added to 100 c.c. ,of solution F, how many grams of silver 
chloride would he precipitated ? 

(ii.) Each scf/ibtion, G and H, contains an acid ; find how 
many c.c. of solution H are eqifivalent in neutralising power to 
100 c.o. of sohition G. 

Exercise IV. — Solution K contains an acid, and solution L 
an alkaline carbonate ; from these solutions prepare deoinormal 
solutions of the acid and the alkaline carbonate respectively. 

Exercise V. — (i.) The solution contains onefowth of a 
gram-molecular tucigjit of a certain acid per litre; find the 
basicity of the acid. One gram-molecular weight = quantity ex- 
pressed by molecular weight taken in grams. 

(ii.) From the ammonium chloride given you prepare about 
a quarter litre of a decinormal solution of ammonia {NHf}. 

• The folloirinft oi'o the quantities by weight (in round numbers) expressed 
by the formuliB of the oomraoner alkalis, alkaline carbonates, and acids : — 

NaOH = 40, KOH = SO, (NHJOH = 86, NH, - 17 ; Na.COj = 106, 
•K2CO3 = 138, •(NH^l^CO, = 90 ; H.,SO^ = 98, HNO, = CS, HCl = 36-6, 
HjC.Oj - 90, H.C„H,0„ = CO. 
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LESSON XXXIIL 

ESTIMATION OE THE WEIGHT OP IRON CONTAINED IN A SOLUTION 

OP A PBBBODS GOMPOUND, GIVEN THE STANDARD SOLUTIONS 

THAT ABB NEOESSABY ^ 

r 

Apparatus and materials required. — Standard solutions of 
potassium permanganate and potassium bichromate. Solution 
of ferrous sulphate, the strength of which is Isnown hut is not 
stated on the bottle. Pure potassium ferricyanide. White plate. 
Burettes and pipettes. 

Experiment I. — To find the grams of iron in an aqueous solu- 
tion of ferrous sulphate, using potassium permanganate as the 
standard solution. 

Ebaction. — W hen KjMnaOgAq is run into a solution of a 
ferrous salt in dilute HjSO^Aq, a ferric salt is formed, and also 
sulphates of potassium and manganese. The reaction with 
PeSOjAq may he expressed thus : 

10PeSO.iAq + 8 H 2 S 04 Aq + K2Mn208*^q 

= 6Pe2(S04)3Aq + K3S04Aq + 2MnS04Aq + 8H2O. 

[The reaction may be supposed to occur in two stages, taking 
place at the same time ; — 

(1} K2Mn208Aq + 8 H 3 S 04 Aq 

= I{2S04Aq + 2MnS04Aq + 8H2O + 50 
(2) 10170804 + 6H2S04Aq + 60 = 6Pa2(S0t)3Aq + 6H2O.] 

The equation tells that 816 parts by weight of potassium por- 
manganate in solution (K 2 ]Hii 20 g = Sl6) convert 660 parts by 
weight of iron (Ee = 66) in n ferrous salt dissolved in dilute 
sulphuric acid into the same weight of iron in a ferric salt. It 
is customary to say that potassium permanganate solution, in 
presence of sulphuric acid, oxidises ferrows iron to ferric hon. 
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Hence, 3-lC graiiil KaMn^Oa, in aolnlion, oxidise 5-6 grams 
ferrous iron to ferric iron. Now, if 8‘16 grams KjMnjOa were 
dissolved in one litre of water, 1 o.c. of this solution would 
oxidise ’OOSO gram iron (from forrous to ferric iron). The 
strength of a standard permanganate solution is generally stated 
in two^ways ; tliug, for a solution of the above strength, 

• 1 e.c. = -00816 gramKjMnaOg, 

or 1 o.c. = -0066 gram iron. 

Notice that tlie sign of equality has not the same meaning in 
both statements. * 

Solutions of the products of the oxidation of a dilute solu- 
tion of a ferrous salt, in dilute H.^SO,Aq, hy permanganate, 
are colourless ; permanganate solution itself is deeply coloured. 
When the oxidising action is finished the next drop of perman- 
ganate solution colours the liquid ; hence, permanganate solution 
is its own indicator. 

• 

Peooess. — To 16 e.c. of the given solution of a ferrous salt, 
in a beaker placed on white paper, add a good deal (say a test- 
tubeful) of dilute H. 2 S 04 Aq, and run in the given standard per- 
manganate solution, with constant shaking, until the liquid 
acquires a very faint pink colour. Eepeat this titration twice, 
using 26 c.c. of the ferrous salt solution. 

Calculation. — Suppose 25 c.c. of a solution of ferrous sul- 
^ihate were jised, and 20'6 o.c. of a standard permanganate 
solution were required to effect the oxidation to ferric sulphate ; 
and suppose that 

1 e.c. permanganate = -0038 gram KjMnjO,. 

As 1)0316 gram oxidises -0066 gram iron, it follows 

that 1 o.c. of the standard permanganate solution that was used 
= -0067 gram iron (that is, oxidises -0067 gram iron in a ferroas 
salt to the same weight of iron in a ferric salt) — 

f-OOm X -0038 _ .r,r,ar,\ 

I -00816 ' /■ 


Hence, there was 20-5 x -0067 = -ISISS gram iron in 26 c.c. 
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of Qie solution of the ferrous salt used ; thCt is, •13736 gram iron 
is contained, as a ferrous salt, in 26 c.c. of the solution used. 


Hence. 1 c.o. of the solution ccyitains 


13736 
■ 26 


= ■p0549 gram 


iron. 

Titrations with parmanganate should always be performed,- 
in solutions coiitaining sulphuric acid. 


Experiment II . — To find the grams of iron in an aqueous 
solution of ferrous sulphate, using potassium bichromate as the 
standard solution. 

r 

Eeaction. — Ko0rQO7Aq, in presence of acid and an oxidisable 
substance, acts as an oxidiser ; thus, with a solution of ferrous 
chloride in HClAq, 

GFeCljAq + 14H01Aq + KsCraOyAq 
= 6 PeClaAq + 2K01Aq + 2GrCl3Aq + 7 H 2 O ; 


or with a solution of ferrous sulphate in H2S04Aq, 

6 P 6 S 04 Aq + 7H2S04Aq + K 2 Cr 207 Aq 
= 8Pe2(S04)3Aq + E2S04Aq + Cr2(S04)3Aq +7H2O. 

K2Cr207 = 294. Therefore, 294 grams K2Cr207, in solutio 
oxidise 6 x 66 = 386 grams iron from i&xrpus to ferric iron ; or 

( 294N 

= -g-j grams K2Cr207 oxidise 56 grams iron. 

Therefore, if 4'9 grams K3Cr307 are dissolved in one litre of 
water, 1 c.c. of this solution will contain '0049 ^am K2Cr207|L 
and will oxidise ‘0066 gram iron from ferrous to ferric iron. 

When K2Cr207Aq is used to oxidise a ferrous salt in solution 
no marked change of colour oocurs ; therefore an indicator must 
be provided. Ferrous salts in solution give a blue colour (or pp.) 
with a solution of potassium ferricyanide (KgFeCyo Aq) ; ferric 
salts in solution give scarcely any colour change with the same 
reagent. These reactions are used te indicate when the oxida- 
tion by K2Cr207Aq is completed. The indicator (KgFeOyoAq) 
cannot be added to the ferrous salt solution, because a portion of 
the iron would be ppd. as Prussian blue and Turnbull’s blue, 


Peooess. — To 10 c.c. of the ferrous salt solution, in a beaker 



EX. II 


ESTIMATION OE IRON IN EEEROUS COMPOUNDS 181 


placed on white pape^', add a good deal of HClAq (say a test- 
tubeful) ; prepare a vary dilute solution of KaFeOy,; (this solu- 
tion cannot be kept, as it undergoes change), and place several 
small dropPj of this solution jn a white plate, a little distance 
apart from one another. Now run in the standard K 20 r 307 Aq, 
with constant shaking, and from time to time remove a small drop 
of th6*l(fluid on a glass rod, and let it fall on to one of the drops 
of KjFaGyoAq. W^sh the rod each time. Proceed thus until a 
drop of the liquid just ceases to produce any shade of blue, or 
green-blue, colour in the KjFeCyc Aq. Repeat the titration twice, 

using 25 o.c. of the solution of the ferrous salt. 

• 

OAiiOuriATiONS. — I. Suppose the standard solution was of such 
a strength that 1 o.c. = '0046 gram iron ; and suppose 20 c.c. 
had been used to oxidise the iron in 26 c.c. of the given ferrous 
sulphate solution. 

Then — ^ = ‘OOSO gram iron is contained in each 
26 

0 . 0 . of the solution analysed. * 

II. Suppose thkt the strength of the standard solution used 
was given in this form ; — 

1 0 . 0 . = -0055 gram K 2 Cr 307 . 

{Notice that the sign ofeguality here means ‘ contains.’) And 
suppose that il.4‘6 c.c. of this solution were required to oxidise 
the iron in 26 c.c. of the ferrous sulphate solution. Then, as 
49 grams K 20 r 207 = 66 grama iron, it follows that ’0055 gram 

KjCr 307 = = '00628 gram iron. 

{Notice that the sign of equahty here means ‘ oxidises from a 
ferrous to a ferric compound.’) Hence, 14*6 x '00628 = '09169 
gram Aron was contained in 26 o.c. of the ferrous sulphate solution 
analysed ; and, therefore, 

1 0 . 0 . of the solution cgntaina '00367 gram iron. 

26 

It is advisable to enter the results of the estimations of iron 
in your note-book in a systematic form. The following arrange- 
ment is clear ; — 
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•Strength of standard solution : 1 o.c.=g 

I. 

— ex. of ferrous solution tahen. 

II . 

c. of I V<>'>"f>^a-nganat6 solution 1 
•' I bichromate solution j 


f gram KaMn^O.. 
1 gram KaCr^O,. 


ex. 


III. 


IV. 

Gframs of iron eorresnondina to 
• o/ KsMnjOs, or grans 
oj Ji-al'rsOy, mod. 


V, 

Grams of iron in 1 c.c. of solution analysed • 
_ grams in col. IF, ' 

c.o. in col. 
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LESSON XXXIV 

w ^ 

ESTIMj^'ION of the weight of ibon contained in a solution 

OF A FEEBIO oOmFOUND, GIVEN THE STANDABD SOLUTIONS 

THAT ABE EEQUIBBD 

• 

Apparatus and materials j-equirad. — Standard solutions of 
permanganate and bicliromate. Solution of ferric chloride in 
water, the strength of which is known but is not stated on the 
'bottle. Solution of ferric sulphate in dilute sulphuric acid, the 
strength of which is known but is not stated on the bottle. 
Granulated zinc, free from iron. Zinc dust, free from iron. 
Solutions of stannous chloride and mercuric chloride. Pure 
potassium ferricyanide. White plat#. Flask of about 200 c.c. 
(say 6 oz.) capacity, with good caoutchouc cork carrying a piece of 
glass tubing about 460 mm. (18 inches) long, drawn to narrow 
opening at the upper end. Dry reversed filter. 

Experiment 1.— To find the grams of iron in a solution of a 
ferric salt which also contains sulphuric acid, using potassium 
•permanganate as the standard solution. 

Eeagtion. — Before the non in a ferric salt solution can be 
estimated v«lumetrically, the ferric must be reduced to a farrows 
salt ; when this has been done the ferrows iron is oxidised to 
ferric kon by standard permanganate, as in Experiment I., Lesson 
XXXIII. If the solution of the ferric salt contains a fair amount 
of sulfihurio acid, the method of procedure usually adopted is to 
effect the reduction by dissolving zinc in the solution, whereby the 
hydrogen thSt is produced brings about the conversion of the 
feiTze into ferrous sulph'ate. The following equation may be 
used to express the chemical change : — 

Fe2(S04)3Aq + H2SO,jAq + Zn 
= ZES 04 Aq + 2 FeS 04 Aq + H. 2 S 04 Aq. 
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[The reaction may be supposed to occur in two stages occur- 
ring simultaneously : — 

(i.) Zn + H2S04Aq = ZnSO^Aq -f 2H ; 

(ii.) T'02(S04)3Aq +m= ^FeS04Aq -f H2S®4Aq.] 

Note. — If the ferric solution contains no acid, or very little 
acid, it is much more convenient to reduce by zinc dust, as fbceoted 
in Experiment II. If the ferric solution cojjtains hydreehloric 
acid, the most suitable reducing agent is stannous chloride solu- 
tion ; in this case the titration is performed with standardised 
bichromate solution, as directed in Experime?it III. 

9 

Peooebs. — The reduction must be effected in such a way that 
there is no chance of atmospheric oxygen re-oxidising the reduced 
ferrous salt. A very convenient method of doing this is to warm 
the acidulated ferric solution w’ith zinc in a flask, closed by a 
good cork through which passes a piece of rather narrow glass ‘ 
tubing, about 18 inches long, drawn to a fine opening at its 
upper end. As the hydroS:0n is thus evolv.ed under a pressure 
a little greater than that of the atmosphere there is no chance 
of air entering the apparatus while the solution of the zinc is 
proceeding. Place 26 c.o. of the ferric solution in a flask of about 
6 oz. capacity, fitted with a caoutchouc cork and glass tube as 
described ; add some water and a little diluted sulphuric acid, 
and then two or three (not more) thin pieces jof zinc, free 
from iron ; insert the cork firmly, place the fla.sk on wire gauze 
on a tripod, and support the glass tube by a clamp. Keep 
a small flame under the flask until a brisk evolution of gas begins, 
then remove the flame, and allow the action to proceed until the zinc 
is completely dissolved ; a few pieces of lead (a common impurity 
in zinc) may remain, but the evolution of gas must have ceased 
entirely in the warm liqtdd before proceeding with the titration. 

Note. — It will save time to proceed with Es^eriment II. 
while the reduction of the ferric solutioft. is being effected. 

If the action slackens much place a loiu flame under the flask 
for a little time, but take care that the evolution of gas does not 
become very rapid, else the cork may be blown out of the flask. 
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If the liquid in the fla|k is not qtiite colourless when the zinc has 
dissolved, some ferric salt is still present ; in this case take out the 
cork, quickly drop in one or tioo thinpiecas of zinc, at once insert 
the cork, and proceed as diroot*d already. 

* When the solution is quite colourless and the whole of the 
-^inc has dissolved, let the liquid cool ; then remove the cork, 
take oift.a small drop cJf the liquid on the end of a clean glass rod, 
and at olice let it fall on to a drop of potassium sulphooyanide 
solution on a piece of filter paper ; if no colom’, or at most an 
. extremely faint ;^ink colour, is produced where the two liquids 
meet, the whole of the ferric hag been reduced to a ferrous salt. 
If, however, the potassium sulphooyanide solution produces a 
red colour with the drop of liquid taken from the flask, some 
ferric salt is still present ; in this case you must add one or two 
very small pieces of zinc, and a httle diluted sulphuric acid, to the 
contents of the flask, and proceed as directed before, until the 
whole of the zinc is dissolved and one drop of the cold liquid 
taken from the flask gives no oolomr, ftr at most an extremely 
faint pink colour, with a drop of potassium sulphooyanide 
solution. 

(KONSAq reacts with a ferric salt in solution to produce 
Fe( 0 NS) 3 Aq, which is deep red.) 

When the reduction is completed and the zinc has dissolved, 
remove the cork from the flask, add a test-tubeful of diluted sul- 
phuric acid (to make sure there is sufficient H 2 S 04 Aq to react 
with the permanganate), and at once run in standard potassium 
permanganate solution until a faint pink colour is produced in 
the liquid. 

CAiiCUiiATioN. — Proceed as directed in Experiment I,, Lesson 
XXXlll. (p. 179). 

Experiment II . — To find the grams of iron in a solution of a 
ferric salt wlmh is free, or almost free, from acid, using potassium 
permanganate as the standard solution. 

Eeaction. — Zinc dust reduces neutral or slightly acid solu- 
tions of ferric salts to lerrous almost instantaneously ; thus 
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aFeCljAq + Zn dust = 2Fe0l2Aq+ ZnC^Aq. If the solution is 
quite neutral a little FeOjHa is precipitated, therefore the reaction 
should be conducted in a slightly acid liquid ; much acid must 
be avoided, else the redaction is /piSfectsd chiefly by ihe hydrogen 
evolved by the reaction of the acid and zinc (as in Experiment If), 
and the process is very much slower. 

The titration with permanganate cannot be conduotefl in the 
presence of the excess of zuic dust ; therefore the liq^d must 
be filtered from the unchanged zinc dust. Now, if the liquid 
were poured through an ordinary filter, some of the ferrous, 
compound in solution would be oxidised to fSrrio by the atmo- 
spheric oxygen. To obtain a clear liquid for titration without 
any risk of oxidation being brought about by the air the device 
of reversed filtration is adopted.^ 

A reversed filter is simply a piece of glass tubing about 
76 mm. (3 inches) long and 35 mm. (say 1^ inch) diametef, 
over one end of which is tied a piece of muslin ; a piece of 
filter paper is put somev^at loosely over the muslin, and is tied 
(or fastened by a rubber band) round the tube. The pi.ece of 
tubing is placed in the beaker containing the solution and the 
zinc dust, the end over which the filter paper is fastened being 
downwards ; the liquid rises upwards in the tube, leaving the zinc 
dust behind, and a measured portion is drawn off by a pipette. 

- • 

Peocess. — Place 100 c.c. of the given solution of a ferric salt in 
a dip beaker ; add about an eighth of a test-tubeful of zinc dust, 
and shake well ; run in 6 or 10 c.c. dilute HjSOjAq [quantity 
added must he measured accurately, and should not he more than 
10 c.c.) ; shake again, immerse a dry reversed filter in the 
liquid, withdraw 10 c.c. of the clear liquid that rises inside the 
filter, add a good deal of dilute HaSO^Aq, and titrate with 
standard K 2 Mn 208 Aq. Eepeat the titration twice, using 26 c.c. 
of the clear liquid that rises in the filter for each Titration. 

Note. — The reaction is not affected by the quantity of water 
present ; but if an unknown volume of water were introduced 

^ This method of reducing ferric salt solutions, for determination of the iron 
by permanganate, is due to Carnegie {Oh&ni. Soo, Joui'nal^ 1888). 
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the calculation could not be made, because a portion only of 
the liquid is used fSr the titration, and, if the total volume 
of liquid is not known accurately, it would be impossible to 
tell what fraction of the toti^ volume had been withdrawn for 
titration. Hence the beaker and the reversed filter used must 
bo dry. 

0ai,6ulation. — Suppose 100 c.c. of the ferric salt solution 
were taken, 6 c.c. df dilute HjSO^Aq were added, 25 c.c. of the 
clear liquid were withdrawn, and 10 c.c. KaMujOgAq were used 
for titration, 1 cvc. KjMngOgAq being = '005 6 gram iron ; then 
the total liquid, a portion of •which was used for the titra- 
tion, measured 105 c.c., and would have used — = 42 c.c. 

KgMnaOgAq. But this number of c.c, KjMngOgAq was used to 
oxidise the iron in 100 c.c. of the original solution; hence, 

— "42 c.c. KgMnjOgAq was used for the oxidation of the 

iron in 1 c.c. of the original solutiorf; and, therefore, 1 c.c. of 
that solution contains ‘42 x '0066 = •00236 gram iron. 

Noth. — This process may be used for solutions containing a 
good deal of HgSO^Aq. In such cases ammonia solution should 
be run, from a burette, into the acid solution, di-op by drop, with 
cjnstant shaking, until a very faint pp. is produced ; the volume 
of ammonia solution must be noted. A small measured volume, 
say 10 C.C., dilute H 2 S 04 Aq should then be added, and the 
•process continued as directed. 

The results of the titrations by this method should be entered 
in your note-book in some such form as the following : — 


1 c.c. standard K^^Mn^O^Ag = 


I. 

c.c. ferric solution 
taken for the 
estimation. 


n. 

c.c. H^SO^Aq 
added. 


grams iron, 

III. 

c.c. liquid removed 
by pipette after 
reduction. 
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IV. 

c.c. K^Mn-iO^Aq used fw titra- 
tion of volume of reduced 
liquid in col. III. 


VI. 

Grains iron corresponding to 
c.c. K^MunOsAq used for 
total volume of liquid. 


c.c. K.iMniO^Aq that luould 
he used for titration of 
o total liquid ^hat is, c.c. 
in col. J. + c.c. in col. II.)'. 

VII. f 

Grams iron in 1 c.c. of 
ferric solution analysed ; 

_ grams' in col. VI . 
c.c. in col. I. 


Experiment III . — To find the grams of iron in a sohUion of 
a ferric salt containing hydrochloric acid, using potassium 
bichromate as the standard sohition. 

Ehaotions. — The meet convenient method of reduction in 
the present case is to add stannous chloride solution to the 
boiling solution of the ferric salt ; and then to remove any 
excess of stannous chloride by adding mercuric chloride solution. 
If any stannous chloride were left in the solution it would react 
with some of the standard bichromate solution. The reactions 
may be represented as follows : — 

r 

(i.) aPeClsAq (boiling, in presence of HOIAq) + x SnCljAq 
= 2 FeOl 2 Aq + SnOl^Aq + (a; — l)Su 0 l 2 Aq. 

(ii.) SnChAq + x HgClaAq = Sn0l4Aq + a; rfg + (a; — 1 ) 
HgOlaAq. 

Neither SnO^Aq nor HgGl2Aq reacts with EjC^aO^Aq. 

As this method of reduction is generally effected in »a solu- 
tion containing HOlAq, it should not be employed when per- 
manganate solution is used for the titration, because HOlAq and 
K2Mn20aAq interact with one another. 

Peoobss. — To 26 c.c. of the ferric salt solution add a little 
hydrochloric acid, heat to boiling, and run stannous chloride 
solution, drop by drop, into the boiling liq^dd, until the liquid 
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just becomes colourless (by proceeding thus any large excess ol 
SnClaAq is avoided) ; then remove the lamp, add a little mer- 
curic chloride solution, and at once titrate by standard bichro- 
mate solution. Eepeat the tit*ation twice, using (i.) 10 o.o., (ii.) 
25 C.C., of the original ferric solution. 

CAg:-ouLATioN. — Suppose 1 c.o. of the standard bichromate 
solutiort= -0056 gram iron. Let ® = number of c.c. of this 
standard solution used to oxidise the iron in 26 c.c. of the solu- 

tioi^ after reduction ; then ^ = grams of non in 1 c.c. 

of the original solution. , 


NOTE ON NORMAL AND DECINORMAL SOLUTIONS OP 
POTASSIUM PERMANGANATE AND POTASSIUM BI- 
CHROMATE 

These solutions are used for effecting oxidations. A normal 
solution of an oxidising agent is defiimd as a solution one litre 
whereof gives sufficient oxygen to oxidise one gram of hydrogen 

to water ; that is, gives 8 grams of oxygen IQ~ 

The reaction between potassium permanganate solution and 
an easily oxidisable substance, in presence of sirlphurio acid, 
may be expressed by the following equation : — 

K2Mn2CraAq -f 3H2S04Aq -b oxidisable substance = 
K2S04Aq + 2MnS04Aq -f SHjO -1-60 Aq 
(the oxygen effects the oxidation). I 


316 80 

From 310 grams K2Mn208, in solution, are produced 80 grams 
of oxygen when the solution is used to effect oxidations in 
presence of fSbid ; therefore 31‘6 grams must be dis- 

solved in one litre of watSl in order that this volume of solution 
shall give 8 grams of oxygen. Hence a normal solution of per- 
manganate contains 31 '6 grams, and a decinormal solution con- 
tains 3'16 grams, KaMUjOg per litre. 

The reaction between potassium bichromate solution and an 
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easily oxidisatle substance, in presence of*hydroohlorio (or sul- 
phuric) acid, may be expressed by this equation ; — 

K.,Cr 207 Aq + BHOlAq 4- oxidisable subatanM = 
i 2KClAq + aCrClaAq -f + SOAq 
I (the oxygen effects the oxidation), j 

1 I 

204 48 

Prom 294 grams KaCrjOj, in solution, are produced 48 grams 
of oxygen -when the solution is used to effect oxidations in 
presence of acid ; therefore a solution of KgOrjO; containing 
294 

~ 49 grams of this salt per litre will give 8 grams of 
o 

oxygen, and will be (by definition) a normal solution. 

It will be noticed that all the oxygen in KaMnjOg, in solution,, 
is not available for effecting oxidations in volumetric analyses ; 
nor is aU the oxygen in in solution, available for this 

purpose ; §ths of the oxygen in the former salt, and fths of 
that in the latter salt, are available. It is customary to speak 
of that fraction of the total oxygen in these salts which effects 
oxidations, in the presence of acids, as available oxygen. 

The strengths of normal and decmormal solutions of per- 
manganate and bichromate may be stated in ^he following 
forms : — 

1 c.c. N KaMnjOsAq = ’OSlfi gram KjMn^Og ; 

1 c.c. ^ KjMuaOgAq = 'OOSlfi gram K2Mn208. 

1 0 . 0 . N K2Mn208Aq = ’008 gram oxygen ; 

N 

1 c.c. — KaMnaOaAq = '0008 gram oxygen ; 

1 c.c. N K2Mn208Aq = ’OSfi gram iron ; r- 
N 

1 o.c. ^-K2Mn20jjAq = ’0056 gram iron. 

1 c.c. N K20r2O7Aq = '049 gram K 2 Ci ’207 ; 

1 0 . 0 . KjCniGYAq = *0049 gram K 2 Cr 207 ; 
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1 c.c. N KaC^-aOyAq = ‘008 gi-am oxygen ; 

1 c.c. ^ K20r207Aq = '0008 gram oxygen ; 

'1 0.0. N K2Cr207Aq -050 gram iron ; 

1 0.0. ^ K20r207Aq = ’OOSG gram iron. 

§ * 

Noti^. that the sign = has different meanings in these 
statements : in the ii’st and second statements it means ‘ con- 
tains ’ ; in the third and fourth it means ‘ when used as ati 
oxidnser, gives ’ ; •and in the fifth and sixth statements it means 
‘ oxidises from ferrous to ferric iXvn.’ 
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BXEmaiSBS ON THE ESTIMATION OF IKON OOMPOUNDS 

The following exercises are given as suggestions : — 

Exercise I. — Determine the^grams of ferrous non, and the 
grams of ferric iron, in 100 o.c. of the solution A. 

(i.) Determine the ferrous iron, by titration with standard 
permanganate or bichromate, in a measured Tolume of the solu- 
tion. 

(ii.) Eeduce the ferric to ferrous iron, in another measured 
volume of the solution, and then determine the total iron. 

Deduct the grams of oterrous iron in a stated volume of the 
solution from the grams of total iron in an equal volume of the 
solution, and the difference is ferric iron in that volume of the 
solution. 

Note. — Teat whether the solution is acid or neutral. If the 
solution is acid, and the acid present is sulphuric acid, put a 
little zinc dust into some of the solution ; if -jjiere is a brisk 
effervescence, before estimating the total iron reduce, either by 
zinc as directed in ^Experiment I. of Lesson XXXI7., or by 
nearly neutralising by ammonia and reducing b/'zino dust a§ 
directed in Experiment II. of Lesson XXXIV, (see Note on p. 
187). If the solution is strongly acid, and the acid present is 
hydrochloric, reduce by stannous chloride and titrate by bi- 
chromate {Lesson XXXIV., Experiment III.). 

If the solution is neutral, reduce by zinc dusk 

Exercise II.' — (i.) Find the weiglrt of the small piece of pure 
iron wire given you without weighing it. 

(ii.) The solution B %ua.s prepared hy dissolving 30 grams of 
ferroUfS sulphate crystals, FeSO^.icHjO, in a litre of water ; find 
the value of x. [FeS 04 = 162 .] 
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Exercise III. — solution 0 was prepared by dissolving 
about 25 grams of partially oxidised ferrous sulphate crystals 
in a litre of very dilute sulphuric acid ; how many grams of 
ferric iron (fhat is, iron in a* ferric compound) were contained 
in the quantity of salt dissolved ? 

Ex^ercise IV. — You^ are given a standard solution of ferrous 
sulphat ^ ; an unstandardised permanganate, and an unstandard- 
ised bichromate, sotution ; prepare about 100 c.c. of 

(i.) K^MnoOsAq, 

(ii.) ^ E,CuOM- 

Exercise V. — The solid D is ferric sidphate, Ee 2 (S 04)3 ; 
when this solid is rearmed with iron filings and dihited sulphurio 
'acid for some time, a solution of ferrous sulgdiate is obtained. 
Prepare, from D, a solution of ferpus sulphate containing 
•03 gram of the salt FeSO.i.VHjO per c.c. 

[FgS 04 . 7 H 20 =278; Pe=66.] 
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ESTIMATION OE CALCIUM IN SOLUTIONS CP COMPOUNDS OP 
THAT METAL ; GIVEN A STANDASD AOID SOLUTION AND A 
BTANDAED ALKALI SOLUTION 

Apparatus and materials yegmred.—Standard hydroobloric 
or nitric acid solution. Standard alkali solution. Methyl 
orange. Solution of a compound of calcium, the strength of 
which is known, but is not stated on the bottle. 260 o.c. and 
600 e.o. measming flasks. Burette. 100 o.c., 60 c.c., and 26 o.c., c 
pipettes. 

Experiment I. — Dctehiiination of the grams of calcium 
chloride tn a solution of calcium carbonate in diluted hydro- 
chloric acid ; given standard acid and alkali sohitions. 

Eeactions. — I. For the precipitation of calcium carbonate. 

CaCl^Aq + HGlAq + NH^Aq + (1 + y) (NH4)sC03Aq = CaOOa 
111 100 „ 
+ 8NH4ClAq+ 2/ (NH4)2C03Aq. 

II. For the solution of the precipitated calcium carbonate in 
excess of standard HClAq. 

CaCOg + (2 + «) HClAq = GaCljAq + 00^ + HjO + a: HGlAq. 
100 73 + X. 8C-6 X. 86-6 

HI. For the titration, by standard potash solution, "of the 
HClAq that has not reacted with the calcium carbonate, 

X HClAq + X KOHAq = x l^ClAq + x HjO. 

X. QG‘5 X. 66 

A careful consideration of the first of these expressions of 
the chemical changes on which the process is based will show 
that addition of an excess of {NH4)jC03Aq to a neutral solution 
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containing calcium ciiloride will precipitate the whole of* the 
calcium as calcium carbonate, and that the other compounds 
present will remain in solution. Now, if the weight of calcium 
carbonate which is precipitateci can be determined, it is easy to 
calculate the weight of calcium chloride in the Tolume of the 
''solution taken for anj,lysis, for 100 parts by weight of CaCOj 
are obtained from 111 parts by weight of CaCla. The second 
equation teUs that ’if the precipitated CaCOg is dissolved in a 
measured volume of HOlAq, the weight of HGl in which is 
knoVn, and whiah is more than sufficient to react with all the 
CaCOj, a definite weight of tho HGl in that HGlAq will react 
with the CaOOs, and the rest of the HGl will remain unchanged 
in the liquid. And the third equation tells that the weight of 
HGl which remains over when the reaction between the CaOOj 
and the HGlAq is finished can be estimated by a standard potash 
Solution. 

PnoGESS. — Transfer 60 c.c. of th^ solution of calcium car- 
bonate in hydrochloric acid given you (that is, the solution of 
CaOla in excess of HOlAq) to a beaker ; slowly pom’ down the 
side of the beaker (to prevent the spirting up of drops of hquid) 
dilute ammonia solution, shaking constantly, until the smell of 
ammonia is apparent (the whole of the acid in the liquid is thus 
neutralised) ; and then pour cautiously into the beaker three or 
four test-tubesful of a solution of ammonium carbonate. Now 
boil for a few minutes ; allow the precipitated CaCOs to settle ; 
*bhen pour a few drops of ammonium carbonate solution down 
the side of the beaker, and observe whether this solution causes 
the formation of a pp. in the clear liquid. If a pp. does not 
form, an excess of ammonium carbonate has been added ; in 
this cash proceed to wash the pp. as directed in the next para- 
graph. If a p^. does form, more ammonium carbonate solution 
must be added, the contents of the beaker boiled, the pp. allowed 
to settle, and the test for complete precipitation repeated. 

When the precipitation of CaCOs is completed, the next step 
is to wash the pp. until only pure CaCOj remains. Pour as much 
as you can of the clear liquid standing above the pp. down a 
glass rod (see fig. 2, p. 6), on to a filter carefully fitted into a 
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dc&ih funnel, beneath which is placed a cl^in beaker ; then pour 
about a test-tuhaful of distilled water into the beaker containing 
the pp., boil for a few moments, let the pp. settle, and pour the 
clear supernatant liquid down the*glass rod into th^’ same filter 
as before. Eepeat this process of washing three or four tunes ; 
collect about half a teat-tubeful of the last wash-water whiclTr 
runs through the filter, and test it for a chloride, by adding a 
drop of nitric acid and a very little silver nttrate solution {com- 
pare p. 67). If a chloride is present continue the process of 
washing, as directed, until a little of the waslv-watcr ceases to 
give the reaction characteristic* of chlorides. The pp. is now 
pure CaCOj ; if allNH^OlAqhas been washed away (see equation 
I. given on p. 194), you may he sure that all the (NH4)2C03Aq 
has also been washed away ; because (11114)2003 is more soluble 
in water than NH.iCl. 

Now place the beaker which contains the main part of the 
washed CaCOs under the filter, which contains a little of the 
washed CaCOs ; run 60 c.^. of the standard acid solution from a 
pipette on to the filter, allowing it to flow through the filter into 
the beaker (put the rod you used into the beaker, as a little CaCOj 
may be adhering to it), and shake the contents of the beaker. 
If the pp. does not completely dissolve run another 60 o.c. of 
the standard acid solution through the filter into the beaker, 
and shake the contents of the beaker. If the up. is still npt 
completely dissolved run 25 c.o. of the standard acid solution 
through the filter, as before. Proceed thus until every trace of 
the precipitated CaCOj has dissolved. Now remOve the glasd" 
rod from the beaker, and wash it down, into the beaker, with 
distilled water ; then pour two or three test-tubesful of distilled 
water through the filter, to wash the liquid that is adhering to 
the filter into the beaker (for this liquid will contain a little of 
the standard HClAq). 

Now wash out a 260 e.c. measuring flask ; place a clean 
funnel in the neck of the flask, and cautiously pour the liquid 
from the beaker into the flask ; rinse the beaker repeatedly with 
distilled water, and pour the water each time into the measuring 
flask. Now pour distilled water into the measuring flask until 
the level of the liquid reaches exactly to the containing mark on 
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the neck of the flask. Put in the stopper, and mix the liquid in 
tlio flask thoro^ighly . * 

Noth. — If the pp. of CaCOa was very large, you may have 
used so much standard acid solution to dissolve it that a 600 c.c. 
flask wiU be required. 

Now -withdi’aw 26 c.c. of the solution from the flask, add a few 
drops oj methyl orange solution, and titrate with a standard 
alkali solution. Eef eat the titration twice, using each time 60 c.c. 
of the liquid in the flask. 

tjAiiOULATiouB. — I. Find grams KOH used to neutrahse the 
SGI in the whole of the 260 8.c. (or it may be 600 c.c.) of the 
liquid in the measuring flask ; and from this calculate grams 
SGI neutralised by this weight of KOH. This gives grams SGI 
remaining unacted on by the CaCOe. 

It is assumed that the standard acid was HClAq, and the 
■“standard alkali was KOHAq. 

II. Knowing the volume of stan(Jp.rd HClAq poured on to 
the qip. of CaCOa, And the grams of SGI in this volume. This 
gives, the total grams SGI added to the CaCOs. 

in. Deduct grams SGI found in I. from grams SGI found 
in II. The difference is the grams SGI that reacted with the 
CaCOj. 

IV. Knowing that 73 grams SGI react with 100 grams 
OaCOs, and that 100 grams CaCOs are obtained from 111 grams 
CaCl 2 , calculate the grams CaCl 2 in the volume of solution used 
,for analysis.^ 

State the final result as grams CaCl 2 per 100 c.c. of solution 
analysed. 

NOTE ON CALCULATIONS WHEN NOEMiVD OE DECI- 
* NOEMAL SOLUTIONS ABE EMPLOYED 

Oalculatioas are very much shortened when normal or deci- 
normal (or pentanormal,®or generally 7i- normal) solutions are 
employed in volumetric analyses ; for x c.c. of any »i-normal acid 
solution neutralises x c.c. of any 5i-normal alkali or alkaline 
carbonate solution, and x c.c. of any 7i-nonnal oxidising solution 
oxidises the same weight of an oxidisable substance as x c.c. of 
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ans other «-normal oxidising solution. When ^-normal solutions 
are employed it is not necessary to find tlfe -weights of the solid 
reagents that take part in the reactions until the last step of the 
calculation. ^ ^ 

The following calculations of the results obtained in an analysis 
of a solution of calcium chloride will show the great shortening, 
that is secured by using m-normal standard solutions : — ' 

I. II. in." 


Vohime ofCaCl^Aq 
taken 


60 CO. 


Volume of ^ HOlAq 

in which of CaCOa 
was dissolved 
126 e.e. 


Volume to which 
solution obtained 
in col. II. was 
made 

250 c.c. 


IV. 

Vohme of solution taken 
(from total vol. of 260 c.o») for 
titration with alkali 

60 0.0. 


V. 

Volume of ^ KOSAq used 

to neutralise solution noted in 
col. IV. (Mean of 8 titra- 
tions) 

16-5 0.0. 


Calculations by method already described . — 

(i.) (if.) 

Vol. of standard KOHAq Grams KOH required to 
required to neutralise RGl in neutralise JTGZ iiWotal 260 c.c. 
total 250 0.0. of col. IH. of col. III. 

= 77-6 C.C. 77-5 x -0066 = -4340 gram. 


(iii.) (iv.) 

Grams RGl neutralised by Grams RGl ^n solution in 
grams KOH in col. (ii.) which CaCOj was dissolved 

— - = -2829 gram. 126 x '00866 = '46626 gram. 

= weight of RGl not acted 
on by CaCOs. 
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(v-) 9 

Grams HGl that reacted 
■with CaCOs precipitated from 
pO e.e. of sdlution analysed 
•46626 — ’2829 = ‘ITSSS gram. 


(vi.) 

Grams CaClg in 60 c.c, of 
solution analysed 

= •26369 gram. 
73 


Calmlations hy^ shorter method . — The solutions of HClAq 
and KOHAq used were therefore 1 c.c. of one neutralises 1 c.o. 

of the other. Moreover, as 1 p.c. ^ HClAq (containing '00866 


gram HGl) reacts with '006 gram CaCOs (73 grams HGl react 
with 100 grama CaCO,), and is, therefore, equivalent in the re- 
actions of this analysis to •00565 gram CaCla (100 grams OaCOs 
are obtained from 111 grams CaCl 2 ), it follows that 

(number of c.c. of HClAq used^to react with all the CaCOj 

precipitated from 60 c.c. of the CaCljAq) x •00666 = 
• gram CaClj in 50 c.c. of solution analysed. 


Now, as the whole of the CaCOs precipitated from 60 c.c. of 
the OaOlaAq was dissolved in 125 c.o. HOlAq, and as the 
HClAq remaining unacted on by the CaCOj used 77'6 c.o. 
KOHAq for neutrahsation, it follows that 125 — 77 ‘6 

= 47^6 c.c. — HClAq were used to react with the CaCOs 

precipitated; hence 47'6 x '00665 = '2636 gram CaCla was con- 
tained in 60 c.o. of the solution analysed. 
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lESSON XXXVII 

ESTiaiATION OP CAEOIIJM IN SOLUTIONS /IF COMPOIjNDS OF 
THAT METAL ; GIVEN A STANDARD PEEMANaANATB SOLU- 
TIONj AND A STANDARD AMMONIUM OXALATE SOLUTION 

Apparatus and materials repaired. — Standard permanganate 
solution. Standard ammonium oxalate solntion. Solution of 
a compound of calcium, tlie strength of which is known but is 
not stated on the bottle. 260 o.c. measuring flask. Burette. 
100 C.G., 60 C.C., and 26 o.c., pipettes. 

Experiment I. — Determination of the grams of calcmm 
chloride in a solution of ti^at salt; given standard permanganate 
and, ammonium oxalate solutions. 

Reactions. — I. For precipitation of calcium oxalate. 

CaCl^Aq + HOlAq + NHsAq + (l + 2/)(NH4)20204Aq 
111 124 + y 

= CaC 204 + 8NH4GlAq + (NH 4 ) 2 C 204 Aq. 
n. For titration of ammonium oxalato solution remaining 
over when precipitation is finished. 

(i.) 6(NH4)2C204Aq+ 6H2S04Aq=6(NH4)2S04Aq-f6H2C204Aq. 
6x124 6x90 

(ii.) 6H2C204Aq + SHjSOiAq +K2Mn20gAq 
S X 90 816 

= F2SG4Aq -|- 2MnS04Aq q- 8H2^ "b lOCO^. 

[The second of the reactions iind^r heading II. may be sup- 
posed to occur in two stages simultaneously : 

(») KsMnjOgAq + 3H2S04Aq= K 2 S 04 Aq + flMnSOiAq 

+ 3B[2^ "f" 60Aq j 

(6) 5H2g204Aq -t- 60Aq = 6H2O -p IQGO.,.] 
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The estimation, by permanganate, of oxalic acid, or an oxalate 
in solution, has not Ibecn considered in former lessons. The 
process is an oxidation ; it proceeds rapidly at a temperature of 
about 60 °, Igit very slowly at ^e ordinary temperature ; the end 
ef the reaction is marked by the production of a faint pink colour 
jn the liquid, duo to the persistence unchanged of the next drop 
of peijmanganate solution which is added after the chemical 
change is finished. ^ 

The equations indicate that if a measured volume of staaidard 
(NIj4)2C204Aq, containing more than snfficient (NIl4)2C204 to 
react with all th 3 CaClj in a neutral solution of that salt, is added 
to a measm’ed volume of the CaClaAq, and if the {NH4)a020i 
which remains unchanged in the liquid above the precipitated 
CaCa04 is estimated by titration with standard KaMujOgAq, 
it is possible to calculate the weight of CaCla in the volume of 
the CaOlaAq used for analysis. 

PnooESS. — By means of a pipettft measure 50 c.c. of the 
solution of the calcium compound given you into a chan 250 c.c. 
measuring flask; add about 10 c.c. dilute ammonia solution, 
shake, and find whether the liquid smells of ammonia. If there 
is a smell of ammonia the liquid is alkaline ; in this case 
proceed to the next stage of the analysis. If there is not a smell 
of ammonia, add about another 10 c.c. of dilute ammonia solu- 
tfon, and mix hy shaking. Proceed thus till the liquid is slightly 
alkaline. 

■ WJiy the solutioyi he made alkaline ? 

Now run in 100 c.c. of the standard (NH4)20204Aq, put in 
the stopper of the flask, shake the flask vigorously for aberat 
half a minute, and let the pp. settle ; when the liquid above the 
pp. is faiBy clear allow 10 c.c. of the standard (NH4)2C204Aq to 
flow gently into the flask, and observe whether a pp. is pro- 
duced therebj^ If precipitation does not occur, proceed to the 
next stage of the analysjfs ; hut if the 10 c.c. of the standard 
(NH4)5G204Aq produce a pp., add 50 c.c. of the standard 
(NH))2C204Aq, shake vigorously for at least half a minute, let 
the pp. settle, and test whether precipitation is completed by 
allowing 10 c.c. of the standard (NH4)2G204Aq to flow gently 
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into the flask. When the process of precipitation is completed, 
note the total volume of standard (NH.j)2^]204Aq that has been 
added, fill up the flask to the containing marie with water, insert 
the stopper, shahe vigorously fo^ some time, and^set the flask 
aside till the pp. has settled completely. (While the settling 
process is going on, consider the calculations set out below.) 

When the precipitated CaCjO^ has settled completely, care- 
fully suck up 26 0.0. of the olear supernf^tant liquid? without 
disturbing the pp., by a dry pipette, and transfer it to a clean 
beaker; repeat this process twice, so that you have three 
quantities of the clear liquid, of 26 c.c. ekeh, in separate 
beakers. Add about two or 'three test-tubesful of diluted 
sulphuric acid to each beaker, heat to about 60 ° (till the beaker 
is comfortably warm to the touch), and run standard KaMnjOsAq 
into each beaker until a faint pmk colom’ persists in the liquid 
for a minute or two. 

Note. — If the precipitated CaCjOj does not settle completely 
in a reasonable time, filj, a dry filter, made of specially good 
paper, into a diy funnel, place a clean dry beaker under the 
funnel, and pour the liquid above the pp. through the filter, 
without disturbing the pp. ; you will thus obtain a clear liquid 
for titration. The filter, funnel, and beaker must be dry, 
because if an unknown volume of water were brought into the 
Liquid the total volume of the liquid would be unknown, and 
hence you would not know what fi-action of the total liquid y 5 u 
had taken for the titration with permanganate solution. 

«« 

Oaioulations. — First method. I. Find the total weight 
in grams of the (M'H4)2C204 added to the solution of the calcium 
compound. 

n. Find the weight in grams of (K'H4)2C204 in the yihole of 
the liquid above the precipitated CaC204. 

in. Deduct the grams of (NH4)20204 found in II. from the 
grams of the same salt found in I. ; the difference is the grams 
of (NH4)2C204 that have reacted with the calcium compound 
in the volume of the solution analysed. 

IV. Knowing (see equation under Beaction I., p. 200 ) that 
124 grams of (NH4)20204 react with 111 grams of CaClj (in solu- 
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tion), calculate, from the results of HI., the grams of CaClj in 
the volume of the soliltion analysed. [If the calcium compound 
■was some compound other than the chloride the calculation is 
easily modii|pd.] 

• The foUo'wing example 'will illustrate this method of cal- 
culation : — 

^ • 

~KMn208A.q used ; 1 c.c. — 'OOSIG gra m KjMnjOg ; 

therefore, 1 c.c. ^ '00124 x 6 = -0062 gram (11114)20204. 

Strength of (NH4)2C204Ai used ; 1 c.o. = ’00566 gram 

(NH4)2C204. 

[Notice the different meanings of the sign = in these state- 
ments.] 

60 c.c. GaOlaAq taken ; NHjAq added, and 100 c.c. standard 
'(NH4)2030,Aq run in; addition of 10 c.c. more standard 
(NHi)2C204Aq did not produce any to., therefore, total volume 
of standard (NH,)2C204Aq added = 110 c.c. ; flask filled to mark 
(260 c.o.) with water, shaken, and set aside ; 26 c.o. of clear liquid 

titrated -with ~ K2Mn208Aq used (i.) 6’3 c.c., (ii.) 6’4 c.c,, (iii.) 

N 

5‘4 c.c. — mean = 6’87 c.o. — of the ~ 

. Total grai^ of (I}'Hi)2C20i added = 110 x ’00665 = ’6215 
gram. 

Grams of (11114)20204 in the 25 c.c. of clear liquid taken 
*out of the 2h0 c.c. = ’0002 x 5’37 = ’03329 gram ; therefore, 
gi'ams of (irH4)aC204 remaining unacted on in the whole volume 

(250 0.0.) of liquid = ’03829 x = ’3329 gram. 

Grains of (NH4)2C204 that reacted with the OaCla in the 
60 c.c. of Ca0j2Aq taken for analysis = ’6216 — ’8829 = ’2886 
gram. 

Grams of CaCl2 in the 50 c.c, Ca0l2Aq taken for the 

estimation = — ^ ~ ’2682 gram. 

1 ^ 4 : 

BesuU. — 100 c.c. of the CaChiAq contain ’2582 x 2 
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= ;5164 gram CaCls ; or, 1 litre of the CaGl^Aq contains 
6‘164 g-raans CaCl2. ^ 

Second, and shorter, method calculation : — ^ 

Standard (NH4)2C204Aq ; 1 c.c. = -00566 gram 111140204. 
Now, Ic.c. ^ (NH4)2C20iAq = -0062 gram (NH4)2C204 j^there”^ 

fore, 1 c.c. standard (NH4)2C204Aq used =£ = -911 c.c. 

•0062 

rN * 

I — (NH4)2C204Aq contams that number of grams of 

(NH4)2C204 per litre which is oxidised by -8 gram oxygen ; the 
equations on p, 200 show that this weight is 6-2 gram 

(NH4)2C204.] 

1 e.o ^ KaMojOgAq oxidises 1 o.c. ^ (NH4)20204Aq. 

N * 

1 c.c jq (NH 4)3020,iAq reacts with -00566 gram CaCl2 in 
solution (for 124 grams (NH4)2C204 = 111 grams CaClj). 

Number of c.c. of ^ (NH4)2C204Aq added to 50 c.c. 
CaGl2Aq= 110 x -911 =100-2 c.c. 

Number of o.c. of ^ (NH4)2G20|Aq that remained unacted 

on by CaCl2 in 60 c.c. GaGl2Aq = 6-87 x = 63-7 o.c. 

Number of o.c. of (NH4)2G204Aq that reacted with CaCla 

in 50 c.c. GaGl2Aq = 100-2 — 68-7 = 46-5 c.c. 

Therefore, the weight of CaCl2 present in 60 c.o. of the GaClj Aq 
= 46‘6 X -00556 = -2681 gram. 

JRcsult . — ^100 c.o. of the CaCl2Aq"oontain -2681 x 2 = ‘6162 
gram CaCl2, or 1 litre of the GaGl2Aq contains 6-162 grams 
CaCla. 


■When a standard solution is not w-normal, it is very con- 
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venient to calculate the factor by ■which 1 o.c. must "be 
multiplied to convert ^ into 1 o.c. of an «-normal solution. 

The methods used in Lessons XXXVI. and XXXVIL for 
estimating compounds of calcium may be applied for the esti- 
liiations of some other metals. Metals completely preoipitable 
carbonates, which carbonates can be washed without under- 
going change, and cah then be dissolved in very dilute acid 
solution,’ may he estimated, generally, by the method used in 
Lesson XXXVI. Metals completely precipitahle as oxalates 
can •be estimated, generally, by the method used in Lesson 
XXXVIL ' , 

The processes used in Lessons XXXVI. and XXXVIL 
are illustrations of methods which are often employed in 
volumetric analyses ; namely, the accomplishment of a reaction 
by an excess of a standard solution, follo'wed by the estimation 
of the quantity of the standard solution which remains over 
when the reaction is completed. 
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EBT:MATI0N OI? OHEOBINB in SOLUI’IONS op oheobides, 

BY MEANS OP STANDABD SILVEB SOLUTION 

r 

Apparatus and materials rsgiw'ei?.— Standard solution of 
silver nitrate. Solution' of sodium chloride, and solution of 
hydrochloric acid; the strengths of these are known, but are not 
stated on the bottles. Nearly saturated solution of potassium 
chromate. Pure calcium carbonate. Burette. 10 c.c. and 
25 c.c. pipettes. 

Piece of glass tubing about 160 mm. (6 inches) long drawn 
to fine opening at one eni 

Experiment I . — Determination of weight of comsnon salt m 
one litre of an aqueous solution thereof; given standard silver 
nitrate solution. 

Reactions. — I. Reaction between sodium chloride and 
silver nitrate in aqueous solutions. 

NaClAq + AgNOsAq = AgCl + NaNOsAq. 

68-5 170 

n. Reaction between potassium chromate and silver nitrate 
in aqueous solutions. 

KaCi'OiAq + 2 AgN 03 Aq = AgaOrO,, + 2 KN 03 Aq^ 

Silver chloride (AgCl) is white, and silver chroinate (AgjCrO.i) 
is red. If an aqueous solution of silver nitrate is added slowly 
to an aqueous solution of sodium chloride containing a few 
drops of an aqueous solution of potassium chromate, the hquid 
being constantly shalien, the production of a red pp. of Ag 2 Cr 04 
does not occur until the reaction between the NaClAq and the 
AgNOjAq is , completed. Hence it is easy to determiue the 
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close of the reaction between the NaClAij and the AgNOsAq by 
using K 2 Cr 04 Ac[ as the**indioator. 

PnooBss. — To 10 e.c. of the NaClAq given you, in a beaker 
placed on white paper, add a litlle water, and two or three drops 
of a nearly saturated solution of potassium chromate. A piece 
w^glass tubing narrowed at one end is used for dropping in the 
K 20 r 04 A(j. 

Now run the standard AgNOjAq slowly, from a burette, into 
the beaker, shakuig the beaker constantly, until the pp. which 
at first is white assumes a faint reddish buff colour. Eepeat 
the titration twice, using (i.) IQ c.c., and (ii.) 26 c.c., of the 
NaClAq,. 

The titrations must be conducted in cold solutions. 


CAnauiiATiONS. — I. From volume of standard AgNOgAq used 
calculate grams of AgNOa used ; then apply data given by the 
fifst equation, that 170 grams AgNOj react with 68’6 grams 
STaCl, to find grama of NaCl in volu|ae of NaGlAq used for 
analysis. 

II. Suppose standard AgNOaAq to be decinormal, 

1 0 . 0 . ^ AgNOgAq contains '0170 gram AgH'03=‘0108 


gram Ag ; that is, the weight of AglfOs (or Ag) which reacts 
with '00366 gram chlorine, which is the weight of chlorine that 
combines with -QOOl gram hydrogen. 

[A normal solution of chlorine contains 86'6 grams Cl per 
litre, exactly sufficient to combine with 1 gram of hydrogen ; 
* N *’ 

therefore — chlorine solution contains 3'66 grams Cl per litre 


*= '00365 gram Cl per c.c.] 


Then* as 170 grams AgNO,, react with SB'S grams NaCl, 
it follows that l^c.o AgNOaAq = '00686 gram NaCl = '00355 

gram Cl ; therefore, number 3f c.e. of ^ AgNOaAq used x '00585 
= gram NaOl in volume of NaClAq used for analysis. 


Suppose standard AgNOjAq to be of this strength : 
1 c.c. = '0185 gram AgNOs* 
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" Then, as 1 c.c. AgNOaAq = ’OlTOi^ram AgNOg, it follows 
that 

1 c.c. Btandard AgNOgAq = — 1'088 c.c. ^ AgNOgAq. 

In this case, number of c.c. of standard AgNOgAq used 
xl'088 X ‘00586 = gram NaCl in volmhe of NaGlAq.^ used for 
analysis. 

Experiment II . — Determination of lueight of hijdrocJjtlorio 
aoid (HGT) in one litre of a solution of that acid, by the use of a 
standard solution of silver nitrite. 

The method of Experiment 1. is applicable only with neutral 
solutions ; if AgNOgAq were added to an alkaline solution, silver 
oxide (AgsO) would be precipitated by the alkah ; if AgNOgAq 
were added to an acid solution, the acid would prevent the 
formation of AgaCrO^, as that salt is somewhat soluble in solutions 
of acids. Hence, before Che method can be appHed to the estima- 
tion of hydrochloric acid, the solution must be made neutral ; 
the most convenient method of doing this is to add' some 
powdered calcium carbonate to the liquid, whereby calcium 
chloride is formed in the liquid ; the excess of CaCOg, which 
remains undissolved is without influence on the reactions. 

Eeaotions. — I. For neutralisation of the hydrochloric acid. 

2HClAq -h (l-H is) CaCOg = OaOlgAq -f COg ■+• HgO -t- ® CaCOg. 

36‘5x2 111 

II. For the determination of the calcium chloride formed 
in I. 

CaCLjAq-t- SAgNOgAq — 2AgCl + 0 a(N 03 ) 2 Aq. 
lli 170x2 

Peocess. — T o 26 c.c. of the HClAq, in a Beaker placed on 
white paper, add a little water, and'U small quantity, say about 
a gram, powdered calcium carbonate (quite free from chlorides) ; 
shake vigorously for a few minutes, warming gently once or 
twice to hasten the reaction. Then make the Hquid quite cold 
by running^ cold water on to the outside of the beaker ; add two 
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or three drops of nearly saturated K 2 Cr 0 .iAq, and run standard 
AgNOgAq, from a burette, slowly into the beaker, slialcing con- 
stantly, until the pp., which at first is white, assumes a faint 
reddish bulT^olour. /j 

• Eepeat the process twice, using in one case 10 o.o., and in 
,t}i6 other case 26 c.c., of the HGlAq. 

CaJ-cJolations. — I. From volume of standard AgNOaAq used 
calculate grams of AgNOj used; then apply data given by the 
equations, that 170 grams AgNOj react with 86'6 grams HGl, to 
find*gram 5 ,SCZ in volume of HClAq used for analysis. 

n. Suppose the standard AgNOaAq to be dcoinomal. Then 

number of o.o. ^ AgN 03 Aq used X •008G5 = grams IJCi in 

volume of HClAq used for analysis. 

III. Suppose the standard AgNOjAq not to be decinormal. 
Find factor by which 1 c.c. of the standard solution used must be 

multiplied to give volume of — solution equivalent to 1 c.c. 

of the standard solution. Then number of c.c. standard solu- 
tion used X "OOSGS X factor = grams HOI in volume of HOlAq 
used for analysis. 
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LESSON XXXIX- 

EXBEOISES ON THE ESTIMATION OF GAECIUM COMPOUNDS, 
OHLOBIDES, AND ACIDS 

Th& following exercises q,re given as suggestions. 

Exeroise I . — The liquid kis a solution of sodium chloride in 
very dilute hydrochloric acid ; find the grams of NaCl and the 
grams of HOI in 100 o.o. of A. 

(i.) Detei'mine HGl by titration with standard alliali„ 
[HOI = 80'6.] 

(ii.) Detei'mine total ahlorine by method given in Experi- 
ment II., Lesson XXXVIII. [NaOl = 68‘6] (p. 208.) 

Exercise II . — The liquid B is a solution of calckcm carbonate 
in very dilute nitric acid; find the grams of Ca(N08)2 and 
the grams of HNO3 in one litre of B. [Ca(N03)2=lC4 : 
HNO 3 = 63.] 

(i.) Determine HNO3 by titration with standard alkali. * 

(ii.) Determine Ca(N03)2 by estimating calcium by the 
method described in Lesson XXXVI., or by that^deacribed in»' 
Lesson XXXVII. (pp. 194, 200.) 

Exercise 1 . 11 .— Determine the weight of the specimen of pure 
calcium carbonate 0 without weighing it. [0a003 =: 100 .] 

Exercise IV . — The Uquid D was prepa/red by dissolving x 
grams of calcium oxalate (CaC304) in diluted snlpihuric acid ; 
what was the value of xi [CaO.304 h? 128.] 
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• LESSON XL 

ESTIMATION ON IODINE IN SOLUTION BY MEANS OP A BTANDAED 
SOLUTION OP SODIUM THIOSULPHATE 

•« 

Apparatus and materials nequircd . — Standard NaaSaOaAq. 
Solution of iodine in KIAq, tlie strength of which is known but 
is not stated on the bottle. Powdered starch. Burette. 
Pipettes to deliver 10 c.o. and 25 c.o. 

a Experiment I . — Given a dilute solution of iodine in potassium 
iodide solution and a standard solution of sodium thiosulphate; 
find the strength of the solution of iodhie. 

Sodium thiosulphate is a white orystalhne salt, easily soluble 
in water ; the composition of the crystals is Na2S20B.5H20. An 
aqueous solution of this salt reacts with iodine in solution to 
form sodium tetrathiouate and sodium iodide, both of which 
remain in solution in the water. A little iodine in solution' gives 
a Jilue colour with thin starch paste, which is prepared by boiling 
a very little starch with water; a solution containing a fair 
quantity of iodine gives a greenish brown colour with starch 
‘paste. None* of the three salts, sodium thiosulphate, sodium 
tetrathionate, or sodium iodide, affects the colour of starch 
paste. 

Eea^otion. — 2(Na2S2 0a.6HjjO)Aq +2IAq = NaaB.iOoAq 
496 254 

+ 2NaIAq + 10 HjO. 

Pboohss. — Place 10 c.c. of the iodine solution in a beaker 
standing on white paper, add two or three test-tubesful of dis- 
tilled water, and run the standard thio solution ^ mto the liquid 

I Solution of Na 2 S! 305 . 6 H ,0 is usually called * f/wu solution ’ iu volumetrio 
analysis. 
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till die colour thereof is pale yellow (that is, until only a little 
free iodine remains unacted on). Then grind a piece of starch 
about the size of a pea with a very little water in a mortar, pour 
into about two teat-tubefuls of boiting water, allow to settle, and 
decant the clear liquid. Add about a dozen drops of this thin^ 
clear, starch paste to the contents of the beaker ; and continue*' 
the sloiv addition of the standard thio Solution, shaking con- 
stantly, until the blue colour of the liquid just vanishes. 

Eepeat the titration twice, using in one case 10 c.c., and in 
the other case 26 e.o., of the iodine solution. " 

Oaloulation. — I. Find grania of Na2S20a.6H20 added ; then, 
loiowing (from the equation) that 248 grams NaaSjOn.SHaO react 
with 127 grams iodine, calculate grams of iodine in the volume 
of iodine solution used for analysis. 

II. Suppose the thio solution to be decinormal (see Note).^ 

Then number of c.c. of ^ NaaSjOs.SHjOAq used x ’0127 = 

grams iodine in volume of iodine solution used for analysis. 

m. If the tliio solution is not decinormal. Find factor by 
which 1 c.c. thio solution must be multiplied to give equivalent 
N 

volume of — thio solution (see Note). Then number of c.c. 

standard thio solution used x '0127 x factor = grams iodine in 
volume of iodine solution used for analysis. 

Note . — Normal a7id decinonnal thio and iodine solutions . — 
One litre of a normal iodine solution contains that weight of 
iodine in grams which will combine with one gram of hydrogen ; 
this weight is 127 grams. One litre of a normal thio solution 
contains that weight of sodium thiosulphate in grams which will 
react with 127 grams of iodine ; this weight is 248 g&ms of 
NajSaOj.SHaO. The strength of a thio solution is ^usually stated 
in terms of the number of grams of iodine with which 1 c.c. 
of the thio solution reacts ; for thio solution is always used for 
measuring quantities of iodine. 

The following statements present the strengths of N and 
solutions of iodine and sodium thiosulphate : — 
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1 c.o. N iodine solution = '127 gram iodine ; 

N * 

1 C'C- jq iodine solution = '0127 gram iodine. 

1 c.Cw N iodine solutioi^= *248 gram BTa^SaOs.SHaO ; 

1 0 . 0 . ^ iodine solution = ‘0248 gram NaaSaOo.SHaO. 

, 1 c.e. N thio solution = ‘248 gram NajSaOa.SHaO ; 

1 c.o. tbib solution = -0248 gram NaaSaOs-SHaO. 

1 0 . 0 . N tbio solution = ‘127 gram iodine ; 

1 0 . 0 . tbio solution ^ ‘0127 gram iodine. 

Motice the different meanings of the sign = in these statements. 




A COUESE -OF PRACTICAL CHEMISTRY 


PART I 

ELEMENTARY 

SECTION III 

Qualitiitive Analysis 

• 

In the first section of this course we have noticed that a sub- 
stance is often recognised by means of its physical properties ; for 
instance, salammoniac was distinguished from some other sub- 
stances by the fact that it sublimed readily when heated in a 
dry test-tube {Lesso7i I., Experiment IL, p. 8), and this property 
was used {Lesso7i I., Experiment III., p. 4) to separate sal- 
ammoniao from a mixture of that substance and sand ; water 
was recognised by its appearance, taste, and boiling point {Lesson 
' X, Experirgent L, p. 49). 

We have also been able to identify certain substances by 
causing them to undergo change into other substances the pro- 
perties of which are readily recognised; for instance, a heavy, 
red powder was found to be changed by heat into mercury, which 
was recognised by its appearance, and oxygen, which caused a 
glowing chip* of wood to burn brightly {Lesson V., Experi- 
ment IF., p. 25) ; and a liquid was found to contain iodine by 
the fact that the addition to it of a drop of starch paste pro- 
duced a blue colour {Lesson XXVII., Experiment I., p. 127) ; 
again, a certain odourless, colourless gas, wherein a burning 
taper went out, was distinguished from another similar gas, 
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wliicli also extinguished a hnming taper, by the fact that the 
former gas (nitrogen) did not produce an/ visible change in lime 
water, whereas a white solid was formed when the latter gas 
(carbon dioxide) was shaken with ^me water {Lessongll., Expcri- 
mmt I,, and Lesson VII., Experime^it II., pp. 8 and 29). 

In Lesson XI., Experiment I., the salt prepared by neutralisr.,. 
ing an aqueous solution of basic potassium oxide by a sojufion of 
acidic sulphur trioxide was shown to be a compound of potassium 
by observing that a violet colour was imparted to a hot non- 
luminous flame wherein a little of the salt was volatilised (p.j54). 
In Lesson XY,, Experiment I., a salt was forrned by dissolving 
copper in nitrio acid and evaporating ; and an aqueous solution 
of this salt was found to turn blue when excess of ammonia was 
added to it (p. 69). Now experiments show that the volatilisation 
of any compound of potassium in a non-luminous flame coloms 
the flame violet, and that the addition of an excess of ammonisi. 
to a solution of any compound of copper causes the solution 
to become blue. The firsf; of these reactions is used as a means 
for detecting compounds of potassium; and the second as a 
means for detecting compounds of copper. 

By making a systematic comparison of the properties and 
reactions of the eompoimds of the different elements it becomes 
possible to select certain propserties and reactions whereby the 
compounds of one element can be distinguished from those of 
the other elements. Qualitative analysis rests 'on the com- 
parative study of the properties and reactions of the elements 
and their compounds ; and systematic quahtative analysis begins < 
when elements and compounds are examined with the object of 
finding properties and reactions which distinguish elements, and 
mompoimds of elements, from one another, and properties and 
reactions wliich serve to detect the constituents of mixtmes of 
elements or mixtures of compounds. 

The immediate objects of qualitative analysis are (1) the 
determination of the qualitative composition of mixtures of 
eler^ts, such as a mixture of copper and zinc in a certain 
allo^brass), or a mixtm’e of oxygen and nitrogen in air ; (2) the 
determination of the qualitative composition of compounds, such 
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as water, chalk, oil of vitriol, or common salt ; and (8) -the 
determination of the f|\ialitativ6 composition of mixtures of com- 
pounds, such as ironstone, felspar, dolomite, mineral water, or 
bleaching powder. • 

* To determine the ultimate qualitative composition of a mix- 
.ture of elements, or of a compound — for mixtures of compounds 
may siwa'ys be resolved into two or more compounds — means, 
then, to find of what elements the mixture, or the compound, is 
composed, without determining the quantities of those elements 
that can be obtained from a determinate quantity of the com- 
pound or the mixture. ^ 

But the problem of qualitative analysis is somewhat more 
restricted in ordinary practice than this. Systematic qualitative 
analysis may be said, without much exaggeration, to be restricted 
Jo the examination of alloys and salts, using the term salt in its 
widest acceptation to include acids, bases, and the compounds 
more strictly called salts ; and the stuiy of the methods used for 
the qualitative analysis of salts includes the study of the methods 
used for the detection of the elementary constituents of alloys. 

„ Salts are generally prepared by the combination of elements, 
by the interaction of acidic and basic oxides, by the interaction 
of metallic oxides or hydroxides and acids, by the interaction 
of metals and acids, by the interaction of salts and acids, and 
by the interactibn of salts and salts. (For examples, sec Synopsis 
of Methods for Preparing Salts, pp. 140-142). All the salts pre- 
•pared by thqse methods, and indeed all salts, may be regarded, 
and for the purposes of qualitative analysis are regarded, as com- 
posed of two parts : a metallic radicle, and an acidic radicle. 
In almost every case the metallic radicle is an element — a 
metal ; doi instance, there are salts of copper, salts of iron, salts 
of lead, of tin, and so on. The commonest exception to this 
statement is found in the salts of the compound radicle am- 
monium (NH,i). The acMic radicle of a salt is sometimes a 
non-metal, as in chlorides, bromides, and iodides ; but more 
frequently it is a group of non-metals, as in nitrates (compounds 
of NO3), sulphates (compounds of SO4), carbonates (compounds 
of CO3), or phosphates (compounds of PO4) ; in sejne oases the 
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acidic radicle of a salt is a group of non-metals (or a non-metal) 
and a metal, as in ferrocyanides (compounds of Fe[ClSf](j), chro- 
mates (compounds of Cr 0 .j), or permanganates (compounds of 
MuaOs). Double salts may be i^omposed of twev metals and 
an acidic radicle, as potash alum K2Al2(S04)4 . 24H2O, or 
of two metals and two acidic radicles, as the mixed alurur 
E2Al2(S04)3(Se04).24H20. 

Acids are included in the foregoing description of salts ; as 
an acid may be regarded, and for the purposes of qualitative 
analysis is regarded, as composed of hydrogen-representing the 
metallic radicle of the salt — an^ an acidic radicle ; for instance, 
hydrochloric acid (H. 01 ), sulphuric acid (H5.SO4), nitric acid 
(H.NOg), and permanganic acid (Hj.MnjOj). Bases are also 
included in the foregomg description of salts ; as, for the 
purposes of qualitative analysis, a base is regarded as a com- 
pound of a metal and hydroxyl (OH) ; for instance, potash 
(K.OH), baryta (Ba.(OH)2), and ferric hydroxide (Fe.( 0 H) 8 ). 

The metallic radicles'^of salts will be referred to hereafter, 
in the directions given for analysis, as the metals of the salts. 

The primary object of the qualitative analysis of a salt is, 
then, to discover of what metal (or metals), and what acidic 
radicle (or radicles), the salt is composed ; or, in the case of the 
analysis of a mixture of salts, to determine what metals and 
what acidic radicles compose the compounds that form the 
mixture. 

The analyst cannot determine by qualitative methods (except 
in a few special cases) what salts are present in»» mixture of" 
salts ; he can only detect the metals and the acidic radicles of 
which these salts are composed. For instance, the results 
obtained in the qualitative analysis of a mixture of ferric sulphate, 
magnesium nitrate, and sodium chloride are the same as* the re- 
sidts obtained in the qualitative analysis of a mixture of ferric 
nitrate, magnesium chloride, and sodium sulphate, or of a mix- 
ture of any salts that can be formed by the combination of the 
three metals, iron, magnesium, and sodium, with the radicles of 
the three acids, nitric, hydrochloric, and sulphuric. A solution 
of any three salts formed by combining iron, magnesium, and 
sodium with jihe three acidic radicles NOj, Cl, and SO4, behaves 
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towards the reagents used in qualitative analysis as if it wei;e a 
solution of six radicles?three of which are metallic — Fe, Mg, and 
Ha— and three are acidic — NO3, Cl, and SO4, Similarly, an 
aqueous solution of a double ^alt behaves towards the reagents 
used in qualitative analysis as if it were a mixture of the metallic 
^d acidic radicles that compose the salt ; for instance, a solu- 
tion 0^ potash alum (C2Al2(S04)4.24H20) reacts in qualitative 
analysis as a solution of the metMlic radicles K and Al, and the 
acidic radicle SO4. 

The reaction^ of qualitative analysis, as well aa many other 
reactions and properties of salfe, find a simple and consistent 
explanation in terms of the hypothesis that when salts are dis- 
solved in much water they are separated, more or less completely, 
into then; metallic and acidic radicles, and that these radicles 
exist in the aqueous solutions of salts, each metaUic radicle 
carrying a charge of positive electricity, and each acidic radicle 
a charge of negative electricity. Acoor^ng to this view salts are 
electrolytes, and most of the reactions made use of in analytical 
chemistry are the reactions of the ions of these electrolytes. As 
we proceed we shall find that most of the reactions we have to 
’employ in the detection of metals and acidic radicles are reactions 
between solutions of salts and salts, or salts and acids, or salts 
and alkalis. A fairly dilute aqueous solution of a compound of 
ar^ of these ciasses is regarded by the electrolytic ionisation 
theory' as containing the ions into which the compound is 
.primarily sepjirated by an electric cm’rent. Thus a solution of 
any salt of sodium is looked on as a solution of ions of sodium, 
that is, minuto particles of sodium all carrying the same charge 
of positive electricity ; in the case of sodium sulphate the theory 
regards, the solution as also containing negatively charged ions 
of SO4, and a solution of sodium nitrate as containing negatively 
charged ions 0# NO3 ; and so on.* 

Supposing, then, that aqueous solutions of two normal salts 
are mixed, the solution, according to this theory, will contain 
four kinds of ions, and the reactions of the solution will be the 
reactions of these ions ; hence — to take an instance — the reactions 
‘ This theory will be referred to more fully in an Appendix to Part II. 
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of a mixture of sodiimi chloride and magnesium nitrate in solution 
are the same as those of a mixture of soliftions of sodium nitrate 
and magnesiiun chloride. 

This theory at once explains ^hy a solution of fany salt of a 
certain metal gives the same reactions as a solution of any other 
salt of that metal so far as the metal is concerned : for instanoer 
solutions of nitrate, chloride, sulphate, arfd acetate, of copper all 
give the same reactions so far as copper is' concerned ; because 
these solutions all contain ions of copper. 

To take another instance : all ferric compounds in solution 
give a reddish pp. of ferric hy&oxide (FeOgHa) with ammonia, 
and a black pp. of iron sulphide (FeS) with ammonium sulphide ; 
now a solution of potassium ferrooyanide (K4Fe(CM')i,) gives 
no pp. with ammonia, nor does it give a pp. with ammonium 
sulphide ; but iron is one of the components of this salt. The 
theory which explains the reactions of analytical chemistry as 
the reactions of ions is at once apphoable to this case. This 
theory supposes that solutions of ferric compounds all contain the 
ion Fe, carrying three positive electric charges ; but a solution of 
potassium ferrooyanide contains four potassium ions, each carry- 
ing a positive charge, and the ion Fe(CN)„ carrying four negative, 
charges. Hence, as a solution of K,iFe(CN')5 does not contain 
iron ions, it does not give the reactions of iron ions. 

The electrolytic ionisation theory not only gives a general 
explanation of the facts of qualitative analysis, 'but it permits 
accurate statements to be made which contain the whole theory 
of analytical chemistry, and which can be applieddirectly, in ar 
very detailed way, to the reactions and proeednre of analysis. 

The method that is most generally applicable for finding 
what radicles are present in a solution of a salt, or a mixture of 
salts, consists in adding reagents which react with the radicles 
present to produce substances that can be recognised by their 
characteristic properties. The suhstaftices thus produced are very 
often compounds which separate from the liquid wherein they 
are formed ; these compormds are recognised by such properties 
as colour, appearance, solubihtiea ip. various reagents, and so on. 
For instance^ an aqueous solution of any soluble salt of barium 
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reacts with a dilute solution of sulphuric acid to form barium 
sulphate, which is a hlavy, white solid, insoluble in dilute solu- 
tions of acids, and which, therefore, is precipitated ; in other 
words, the formation of a hei^vy, white precipitate, insoluble in 
dilute acids, when a little sulphurio acid is added to a sohrtion of 
wa. salt, is a test for the presence of barium. Sometimes a gas is 
produoed, by a reaction ‘between a reagent and the radicles in a 
solution of a salt, or«, mixture of salts ; and this gas is recognised 
by its ■ smell or colour, or by its reactions with other reagents. 
For 'instance, an aqueous solution of a carbonate interacts mth 
a dilute solution of any commoi^ acid to produce carbon dioxide, 
some of which is given off, and is recognisable by certain physical 
properties and by reacting with lime water to form chalk. 
Again, an aqueous solution containing a bromide and a bromate 
interacts with a few drops of a dilute solution of an acid to pro- 
duce bromine, which is recognised by its smell, by the colour 
it hnparts to the liquid, and by its ready solubility in carbon 
disulphide, which liquid it colours reddish. 

It is often possible to use a characteristic property or reaction 
of the solid compounds of a metal, or the solid compounds of an 
—acidic radicle, as a test to detect the metal, or the acidic radicle, 
in question. For instance, a deep blue, transparent, glass-like 
solid is obtained by heating a small quantity of a compound of 
cobalt mixed with a little borax, keeping the substance melted 
in the air for "a short time, and then allowing it to cool. The 
formation of a deep blue glass, under these conditions, is a 
•charaoteristie* property of compounds of cobalt; and this re- 
action is used as a dry teat for the detection of the metal cobalt. 
Again, when a small quantity of a silicate is fused with micro- 
cosmic salt (sodium-ammonium phosphate), a coloraleas, trans- * 
parent glass is formed, wherein the little particles of sihca may 
» be seen floating about, undissolved, in the melted salt. This 
reaction is used as a test f6r the detection of the acidic radicle 
of the silicates. When a Sompound of strontium is volatilised 
in a non-luminouB flame, the flame is coloured red ; on this 
property of compounds of- strontium is based a method for 
detecting strontium. If a compound of arsenic is supported 
in the slightly luminous tip of a small flame, a li)^tle arsenic is 
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formed and volatilised ; the arsenic may be caught on the cold 
surface of a porcelain dish, and the blaSlrish film so produced 
may be proved to be arsenic by the application to it of suitable 
reagents. r f 

Some of the examples referred to in the two preceding para- 
graphs are illustrations of what are called wet tests, and others^ 
are illustrations of dry tests ; the reactions used as -tosts in 
qualitative analysis fall, broadly, into these two classes. 

In conducting wet tests, the substance to be examined is 
dissolved, and the solution is caused to intera,{3t with reagents 
that are themselves in solution.^, Dry tests consist in the appli- 
cation of solid reagents to the solid substance which is being 
examined ; heat is generally employed to aid the reactions. 

Eeagents in solution are sometimes applied to a solid sub- 
stance that is being analysed qualitatively; and a solution of 
the substance under examination is sometimes added to a solid 
reagent. 

In the following experiments bearing on the classification of 
the reactions of qualitative analysis dry tests will be considered 
only incidentally. 

For a systematic statement of dry tests, see Lesson LIT, 

Salts, using the term salt in a very wide sense, are regarded 
for the purposes of qualitative analysis as composed of metallic 
and acidic radicles. The metals are divided into groups, apd 
the members of each group exhibit certain coinmon reactions 
which distinguish them from the m’embers of the other groups. 
The acidic radicles are also divided into groups ; but^the grouping'’ 
is not carried out fully or consistently. We shall, therefore, 
begin with the metals. 
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LESSON XLI 

EXPBBIMENTS Tb lELUSTBATE THE METHODS USED EOE 
DIVIDING THE METALS INTO GROUPS 

_l 

«% 

Apparatus and materials ^required. — Apparatus to malie 
liydrogen sulphide. Piece of clean platinum wire. The follow- 
ing salts ; lead nitrate, silver nitrate, mercuric chloride, eopper 
sulphate, copper nitrate, aluminium sulphate, zinc sulphate, 
calcium chloride, magnesium sulphate, potassium nitrate, sodium 
shloride. About half a dozen solutions, each containing a single 
salt ; the salts being selected so that the metals of them belong 
to different groups. » 

Note. — It is assumed that each student is furnished with 
a set of apparatus comprising test-tubes, beakers, basins, funnels, 
filters, &o., and also with the ordmary reagents. 

Experiment I . — To illustrate tlie division of metals into 
groups. 

* Pour into oTean test-tubes such quantities of aqueous solu- 
tions of salts of about half ‘a dozen metals, taken haphazard, 
as suffice to fill the tubes about one-tenth, and to each solution 
add about 20 drops of dilute hydrochloric acid ; pps. will pro- 
bably be produced in some of the solutions. FiU up those 
solutions wherein pps. have not been produced with an aqueous 
solutior? of hydrogen sulphide ; pps. will probably be produced 
in some of the solutions. Assuming, what can be proved, that 
the pps. obtained are compounds of the metals of the salts 
used (with chlorine and sdlphur, respectively), then, so far as 
the results of this experiment go, tho motals examined may be 
divided into three groups ; — (1) those which give pps. with 
hydrochloric acid ; (2) those which do not give pps. with tliis 
acid, but are precipitated by hydrogen sulphide j^d^ed to solu- 
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tio^is containing hydrochloric acid; and ( 3 ) those which are 
not precipitated either by hydrochloric hicid, or by hydrogen 
sulphide added to solutions containing hydrochloric acid. 

Experiment II. — To ilhistrale the division of metals into 
groups. 

Dissolve about half a gram of each of- the following .^Its in 
not more thorn one-fourth of a test-tuheful K)f water in a clean 
test-tube : — lead nitrate (PbCNOa)^), mercuric chloride (HgOl,), 
aluminium sulphate (^4(804)3), zinc sulphate (Z11SO4), cal&ium 
chloride (CaCl 2), magnesium sulpihate (MgS64), and sodium 
chloride (NaCl). 

These solutions are regarded for the present purpose as solu- 
tions of the metals lead, mercury, aluminium, zinc, calcmm, 
magnesium, and sodium; no attention is paid to the acidic 
radicles of the salts. 

Set the test-tubes containing the solutions in a stand in the 
order given, and add to eaeih a few drops of dilute hydrochloric acid. 
A white pp. of lead chloride (PbClj) forms in the solution con- 
taining lead ; there is no visible change in the other solutions. 
To the solutions wherein pps. have not been produced add aiu 
aqueous solution of hydrogen sulphide, until the smell of this 
gas is distvhotly perceptible. A black ^ pp. of mercuric sulphide 
(HgS) forms in the solution containing mercury; there is no 
visible change in the other solutions. 

Place the solutions wherein pps. have not been produced 
in basins, and boil until every trace of hydrogen sulphide is"' 
removed;* then transfer the liquids to test-tubes, and add to 
each nearly quarter a test-tubeful of ammonium chloride solu- 
tion, and then ammonia solution that is, until the smell 

of ammonia is perceptible after thoroughly nvixing the 'contents 
of the tubes. A white gelatinous pp. (which is easily overlooked) 

1 Notice tliat tlio pp, formed at first is grey^then tlie pp. becomes orauge, and 
finally blaclr, 

^ Hydrogen sulpliide is a gasj when a solution containing this gas is boiled tho 
gas is driven out of the solution. The gas has been all expelled when the steam 
coming from the boiling liquid has not the slightest smell of hydrogen sulphide, 
and does not produce a bladdah stain (of lead aulplude) ou paper dipped in a 
solution of a lead salt and held in the steam. 
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of aluminium hydroxide (AlOaHj) forms in the solution contain- 
ing aluminium ; there'is no visible change in the other solutions. 

To the solutions wherein pps. have not been produced add 
a few drops^ of ammonitim sulphide solution. A white pp. of 
hino sulphide (ZnS) forms in the solution containing zinc (the 
, pp. may appear yellowish as the liquid is slightly yellow) ; there 
is no viable change in' the other solutions. 

To the solutions! wherein pps. have not been produced add 
about a sixth of a test-tubeful of ammonium carbonate solu- 
tion. A white pp. of calcium carbonate (CaOOs) forma in the 
solution containing calcium ; there is no visible change in the 
other solutions. 

To the solutions wherein pps. have not been produced add 
about a sixth of a test-tubeful of sodium phosphate solution, 
and shake vigorously. A white pp. of magnesium- ammonium 
iphosphate (MgNH.iPO^) forms slowly in the solution containing 
magnesium ; there is no visible change in the solution eontain- 
ing sodium. • 

The formation of the foregoing pps. depends on tho solubilities of the 
compounds produced in tho reactions. When hydrochloric acid is added 
to solutions containing, respectively, lead, mercury, aluminium, zinc, 
calcium, magnesium, and sodium, lead is the only metal present that forms 
a compound insoluble in the liquid ; this insoluble compound (lead chloride, 
PbClj) is, therefore, precipitated. When hydrogen sulphide is added to 
solutions containing hydrochloric aoid and, respeotively, mercury, alumi- 
nium, zino, calcium, magnesium, and sodium, mercury is the only one of 
these metals that forms a compound insoluble in the liquid ; this com- 
pound (mercuric sulphide, HgS) is, therefore, precipitated. When ammonia 
is added to solutions free from hydrogen sulphide and containing ammo- 
nium chloride and, respectively, aluminium, zinc, calcium, magnesium, 
and sodium, tho only one of these metals that forma a compound insoluble 
in the liquid is aluminium ; this oompouud (aluminium hydroxide, AlO^Hj) 
is, therefore, preoiiiitated. Similarly in the remaining oases ; zino sulphide 
IS insoluble in a liquid containing ammonia and ammonium sulphide, but 
the sulphides ot calcium, magnesium, and sodium are soluble in this 
liquid ; calcium carbonate is insoluble, hut magnesium carbonate and 
sodium carbonate are soluble, In an alltaline liquid containing ammonium 
carbonate and ammonium chloride; magnesium-ammonium phosphate is 
insoluble in an alkahne liquid containing ammonium chloride and sodium 
phosphate. None of the compounds of sodium formed by addition of the re- 
agents mentioned to a solution containing sodium is insoluble in the liquids 
produced; sodium, therefore, is not precipitated by any of IJiese reagents. 
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^he foregoing experiment sliows that certain metals may be 
distinguished from one another by the fractions of solutions 
containing these metals with reagents ; the principle of the 
method being that one metal interacts with a certain reagent 
to produce a compound which is insoluble in the solution wherein 
it is formed, and which is, therefore, precipitated from this solu; 
tion, while the compounds formed by therinteraotions ot ^otber 
metals with the same reagent are soluble iij the solution, and, 
therefore, are not precipitated. 

Each of the metals solutions of which have been used^in 
Experiment II. represents a group of metals. ''The metals in 
one group behave Hke lead; thSy all react, in solution, with 
dilute hydrochloric acid to form chlorides that are insoluble in 
dilute hydrochloric acid; these metals, therefore, are all pre- 
cipitated by that reagent. The metals in another group behave 
like mercury ; they all react, in solutions containing hydro- 
chloric acid, with hydrogen sulphide to form sulphides that are 
insoluble in dilute hydroclijorio acid and in hydrogen sulphide 
solution ; these metals, therefore, are all precipitated by those 
reagents. The metals in another group behave like aluminium, 
and are precipitated by ammonia in presence of ammonium 
chloride. The metals of a fourth group behave like zinc ; those 
of a fifth group, Uke calcium ; and so on. 

The reagents used in Experiment II, are called group 
reagents, because each of them precipitates a group of metals. 
The members of any group of metals' have the common property 
of reacting, in solutions, with the group reagent tcr-form com- 
pomrds that are insoluble in that reagent, and, therefore, are 
precipitated by that reagent. 

'■ The results of Experiment II. show that the action of a 
grOTip reagent is not interfered with by the presence of''' those 
group reagents that were added before it ; in other words, the 
action of hydrogen sulphide is not interfered with by the pre- 
sence of hydrochloric acid in the sohition, nor is the action of 
ammonium carbonate interfered with by the presence of ammo- 
nium chloride, aimnonia, and ammonimn sulphide; and so on. 
This holds good only if the group reagents are added in the order 
in which they gre %ised in Experiment II. 
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It should ha noticed here that hydrogen sulphide 
was removed from the solution before the group re- 
agents ammonium chloride and ammonia lue.re added, 
in Experiment II.\ if hj^rogen sulphide had not been re- 
“moved, this reagent would have interfered with the action of the 
. fl,mmonmm chloride and ammonia, masmiieh as ammonium 
siilphjde would have ‘been formed by the reaction of hydrogen 
sulphide and ammonia, and this ammonium sulphide would have 
precipitated (as zinc sulphide) the zinc that was in the solution. 

It is important for the student to understand clearly that it 
is necessary to use the group reagents in the order in which they 
ware employed in Experinienl: II. The following experiment 
will enforce this necessity. 

Experiment III . — To illustrate the necessity of adding the 
^gronp reagents in a definite order. 

Make a solution of about a gram of lead nitrate in about a 
test-tubeful of water, and divide the solution into five parts. 

To one part of this solution add hydrogen sulphide solution 
(the reagent for Group II .) ; a black pp. (PbS) is formed, and 
, this pp. does not dissolve when a little dilute hydrochloric acid 
is pom’ed on to it. 

To another part of the solution add ammonia (the reagent 
for Group III .) ; a white pp. (PbOjHj) forms. 

To another part of the solution add ammonium sulphide (the 
reagent for Groii,p 17 .) ; a black pp. (PbS) is produced. 

To another part of the solution add solution of ammonium 
carbonate (the reagent for Group V .) ; a white pp. (PbCOg) appears. 

To the last part of the solution of load nitrate add solution of 
sodium phosphate (the reagent for Group VI .) ; a white pp.. 
(PbaP^Os) settles down. 

Lead, then, resembles mercury in that its sulphide is pre- 
cipitated on addition of hydrogen sulphide; it resembles alu- 
minium in giving a pp. of the hydroxide with ammonia; it 
resembles zinc in yielding a pp. of the sulphide with ammonium 
sulphide ; it resembles calcium in that the carbonates of both 
these metals are precipitated on addition of ammonium car- 
bonate ; and it resembles magnesium in being thrown down as 
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xAoaphate by a ! 3 oliition of sodium phosphate. But Experi- 
ment II. showed that lead differs from alF these metals in that 
it, and it alone, forms a chloride which is insoluble in dilute 
hydrochloric acid. ^ f., 

If hydrogen sulphide produces a pp. in a solution of a salt," 
it does not follow that the metal of this salt belongs to G^'oup II . „ 
but if addition of dilute hydrochloric acid *does not fomj 9 , pp., 
and if addition of hydrogen sulphide to this Jiquid, which now 
contains hydrochloric acid, does produce a pp., the metal of the 
salt is certainly a metal of Group II, Again, the formation^ of 
a pp. when ammonium carbonate is added to a solution of a salt 
does not prove the metal of the srflt to he one of those comprised 
in Group V. ; but if it is also found that the solution in question 
is not precipitated on addition of hydmehloric acid, followed by 
addition of hydrogen sulphide, followed by boiling off the hydrogen 
sulphide and then adding ammonium chloride and excess of,, 
ammonia, and then ammonium sulphide, the conclusion is in- 
evitable that the metal belcjugs to Groi^p V. 

The following table shows (1) the group reagents, (2) the 
metals in each group, and ( 8 ) the compositions of the pps. pro- 
duced by the group reagents. 


Onl^ the commoner metals are considered. 


Q-roap Beagents 
Geoot I. 


Uetala in tlie Group 


Compositions of Pps. 
produced by Group 
Beagents ” 


Dilute hydroohlorio 
acid. 


Lead ; silver ; ^erou- 
roaum. 


PbCb; AgCl; HgOl. 


fiBovp n. 


The name mercuwsum 
is given to meroiuy in 
mercurous Baits to ciiB- 
tinguiah it from mercury 
in. mercuric salts. 


Hydrogen sulphide, 
added to solutions con- 
taining a little hydro- 
ohlorio aoid. 


Lead ; merourioum ; 
copper ; oadmium ; 
bismuth ; arsenic ; 
antimony ; tin. 


PbS ! HgS ; CuS-; CdS ; 

Bi^Sg } ASgSg J SbgSg } 

SnS qfid SnSj. 


StannoMs salts give a 
pp. of SnS, and stannic 
Bolta a pp. of SnSj. 


The name mercurhum 
is given to meroury in 
raerourio Bolts, to dia- 
tinguish it from meroury I 
in jnorourous aolta, Aa lead chloride is slightly 
soluble in dilute hydroohlorio acid, lead cannot ha 
precipitated completely in Group I. ; lead, therefore, 
IS placed in Groups I. and H. 
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Group Reagents J 
Geoot III. 

Ammonia, added to 
solutions containing 
ammonium ohloi'ide and 
free from hydrogen Bill- 
"\)hide. 

Gnoup IV. 

0 

Ammonium sulphide, 
added to solutions oon- 
taijing ammonium chlo- 
ride and ammonia. 

Geoup V. 

Ammonium oarho- 
nate, added to solutions 
containing ammonium 
chloride and ammonia. 

The prosonoa or nhaeuee 
of ammonium sulplude 
does not affect the roao- 
tion of the group reagent. 

Group VI. 

Sodium phosphate, 
added to solutions con- 
taining ammonium chlo- 
ride and ammonia. 

The presence or absonoe 
of ammonium aulplndo 
and ammonium carbonate 
does not affect the action 
of the group reagent. 

Group YII. 

No group feagmit. 

The metals in this 
group are not precipitated 
by any of the foregoing 
group reagents. 


Metals in the Group 


Iron; aluminium; chuo- 
miunl 


Zinc ; manganese ; 
nickel ; cobalt. 


Oaloium ; barimu ; 
strontium. 


Magnesium. 


Sodium ; potassium ; 
ammonium. 


Compositions of Pps. 
produced by Group 
Reagents 

FeOaHajAlOAlCrOjHa. 


ZnS : MnS ; NiS ; OoS. 


OaCOj; BaCOj) SrCOj. 


MgNHjPO^ . eHjO. 


Experiment IV . — To use tJw foregoing table for theinirpose 
of determining to what group a metal belongs. 

Several solutions, eae^ii containing one of the metals men- 
tioned in the table (the metal not being known), should be 
examined, and the group to which the metal belongs should he 
determined. 

In conducting these determinations proceed as follows : — 
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Qroap I. Group re- 
agent is hyclro- 
ohlofic acid. 


Group II. Group re- 
agent is hydrogen 
iulphide added 
after hydrochlono 
acid. 

Group III. Group re- 
agent is ammonia 
added after am- 
monium chloride 
{hydrogensulphide 
being absent.) 


Group IV. Group re- 
agent is ammonium 
sulphide added 
after ammonia. 

, Group V, Group re- 
agentis ammonium 
carbonate added 
after ammonia. 


Group VI. Group re- 
agent is podium 


(i.) To about an eighth of a tesl-tube- 
ful of the ^solution add about a 
dozen drops of dilute hydrochloric 
acid ; if a pp. form^, the metal 
belongs to Group I. 

(ii.) If hydrochloric acid does not pro- ^ 
dues a pp/i to the same ^iquid 
add hydrogen sulphide till the 
liquid smells strongly of this gas ; 
if a pp. forms, the metal belctugs 
to Group II. ' 

(hi.) If hydrogen sulphide does not pro- 
duce a pp., to about an eighth of 
a test-tubeful of the original 
liquid add about an equal quan- 
tity of amihonium chloride solu- 
tion, and then excess of ammonia', 
if a pp. forms, the metal belongs 
to Group III. 

Note. — XJBing the original liquid for 
(ill.) is equivalent to, and is done moTe 
easily than, boiling out the hydrogen 
sulphide that was added in (ii.) ; Groups 
I. and II. have been proved absent. 

(iv.) If ammonia does nof produce a pp'., 
to the same liquid add five or six 
drops of ammonium, sulphide ; if ^ 
a pp. forms^ the metal belongs to 
Group IV. 

(v.) If ammonium sulphide does not 
irroduce a pp., to the Bam» hquid 
add about quarter of a test- 
tubcful of ammonhum carbonate 
solubicfti and warm the liquid for 
a few minutes ; if a pp. forms, the 
metal belongs to Group V. 

(vi.) If ammonium carbonate does not 
produce a pp., to the same hquid 
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phosphate added 
after ammoniums 
chloride and am- 
monia. 

r 


Group’ll!. Nogropp 
reagent. 


add about quarter a test-tirbeful 
of sodium phosphate solution, and 
shake vigorously ; if a pp. forms, 
the metal belongs to Group VI. 

* In this case the metal must 
be magnesium, as this is the only 
metal in Group VI. 

(vii.) If sodium phosphate does not pro- 
duce a pp., the metal belongs to 
Group VII. 


Experiment V. — To illustrate the groupmcj of the metals, 
and the separation of group from group. 


Make a mixture of small guanHties of aqueous solutions of 
the following salts (about one-tenth of a test-tubeful of each 
solution should be used ; the solutions should contain about one 
' part of salt in 20 to 30 parts of water) — silver nitrate (AglTOg), 
copper sulphate (CuSO^), aluminium sulphate (Al 2 (S 04 ) 8 ), zinc 
sulphate (ZnSO^), calcium nitrate (0a(NO8)a), magnesium sul- 
phate (Mg'SO^), and potassium nitrate (KNO 3 ). 

Group I. — To about quarter a test-tubeful of this mixture of 
■solutions of these salts add a few drops of dilute hydiochloria 
acid, and shake thoroughly (dilute hydrochloric acid is generally 
prepared in the laboratory by adding about three parts of water 
1(0 one part of the cone, acid) ; let the white pp. of silver chloride 
(AgCl) settle, and then pour the liquid through a filter, letting 
the filtrate run into a clean* beaker. 


The sihfer is thus removed from the solution. 

Group II, — Warm the filtrate from the pp. of silver chloride, 
and pass hydrogen sulphide into it until the smell of hydrogen 
sul 2 }hide is very marlced ; then add a little water and warm, very 
graduMy raising the temperature nearly but not quite to the 
boiling pointj again pass hydrogen sulphide into this warm liquid 
for some minutes, allow to stand for fully five minutes, and then 
collect the black pp. of copper sulphide (CuS) on a filter, allow- 
ing the filtrate to run into a clean beaker. 

The copper is thus removed from the solution. 

Norn. — Addition of a slight excess of any group reagent except hydrogen 
sulphide quickly precipitates all the metals of the gfoup that may be 
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present in the solution ; but a very large excess of hydrogen sulphide is 
needed to precipitate completely the metals of Qroup II. The precipitation 
by hydrogen sulphide is effected most rapidly End completely under the 
conditions described above. 

Group III. — Add about one-tejitb of a t6st-tube^ul of dilute, 
nitric acid to tbe filtrate from the pp. of copper sulphide, and boil, 
in a basin, until there is not the slightest smell of hydrogen ' 
sulphide, and a piece of paper moistened* with a solution of a 
salt of lead is not turned brown when heldf in the steam (see 
Note) ; then, but not till then, add to the solution a good deal 
(say quarter a test-tnbefiil) of ammonium chlorvie solution, 'and 
then excess of ammonia solution^ (until the smell of ammonia is 
apparent after thoroughly mixing the liquid) ; filter off the white, 
gelatinous, almost transparent, pp. of aluminium hydroxide 
(AIO3H3), and collect the filtrate in a clean beaker. 

The aluminium is thus removed from the sohttion; and 
the hydrogen sulphide which was present in the filtrate from the'’ 
pp. of Group II. is also removed. 

Note,— When a solution containing hydrogen sulphide is heated with 
nitric acid the hydrogen sulphide is oxidised to sulphurous and sulphuiio 
aoids, nnd some sulphur is also usually formed. The objects of heating 
the filtrate from the pp. of Group II. with nitric acid are (i.) to remove they 
whole of the hydrogen sulphide, and (ii.), if iron is present, to oxidise ferrous 
salts to ferric salts. Should iron be present in a solution, the filtrate from 
Group II. will contain a ferrotis salt, as hydrogen sulphide reduces ferric to 
forroiis salts (see Lesson XLV., Experiment II.). 

Group 17, — To the filtrate fi;pm the pp. of aluminium 
hydroxide add a little ammonium sulphide (about a dozen 
drops), boil for some time, collect the white pp. of zfno sulphide 
(ZnS) on a filter, and let the filtrate run into a clean beaker. 

The zinc is thus removed from the solution. 

Group V. — To the filtrate from the pp. of zinc sulphide add 
a good deal (about quarter a test-tubeful) of ammonmm carbonate 
solution, warm for some time (to complete tbe precipitation and 
to canse the pp. to settle), and collect the white pp. of calcium 
carbonate (CaCOs) on a filter, and the filtrate in a clean beaker. 

The calcium is thus removed from the sohdion. 

Group VI . — To the filtrate from tbe pp. of calcium carbonate 
add about a fourth of a test-tubeful of sodium phosphate solu- 
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tion ; shake thoroughly, allow to stand for a little time (preqjpi- 
tation is not completed at once), and filter off the white pp. of 
magnesium-ammonium phosphate (MgNH4P04) that forms. 

The magnesium is thus removed from the solution. 

" G-roup vll. — The last filt?ate contains the potassium. 


The results of Experiment Y. may be tabulated thus ; — 

From n Bolu-i 
tion contain- 
ing silver 
I. Sydrochlo- 
rio '2cid pre- 
cipitates 
silver 

chloride — |->flltrate| 
copper 


n. Hydrogen sul- 
plude, in pre- 
sence of hydro- 
ohlorio acid, 
precipitates 
copper sulphide— 


I "^filtrate 
al-aminiuml 


III. Ammonia, in presence 
of ammonium chloride 
and absence of hydro- 
gen sulphide, preci- 
pitates 

aluminium hydroxide — ! 


,~^filtrate| 
zinc 


IV. Ammonium sulphide,'' in pre- 
Mioe of ammonium chlo- 
ride and ammonia, preci- 
pitates zinc sulphide — I 


|->filtrate 

calcium 


V. Ammonium carhonate, in presence of 
' ammomum chloride and ammonia, 
precipitates calcium carbonate — 


filtrate 

magnesium 


VI. Sodium phosphate, in presence of ammonium 
chloride and ammonia, precipitates 

magnesium-ammonium phosphate — ! 


-^-filtrate 

potassium 


VII. Potassium remains in solution 
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LESSON XLII 

EXPEBIMHNTB TO ILEUSTBATE THE METHODS USED EOE 

DISTINGUISHING THE BEVEEAD METALS IN THE |AMH 

GBOUP 

A^'pa/ratiis and materials required. — The following salts : 
lead nitrate, silver nitrate, mercurous nitrate, arsenious oxide, 
stannic chloride, cadmium nitrate or sulphate, bismuth nitrate, 
aluminium sulphate, ferric chloride, cobalt nitrate, nickel sul- 
phate. Glean platinum wire. Apparatus to make hydrogen 
sulphide. 

Experiment I . — To illustrate the application of the colours 
and appearances of pps, to distinguish hetioeen metals belonging 
to the same group. ^ 

The metals iron and aluminium belong to the same group 
{Group III.). 

To small, separate, quantities ' of solutions in'water of ferric 
chloride and aluminium sulphate a#.d about quarter a test-tubeful 
of ammonium chloride solution, and then excessrpf ammonia'^ 
solution. Eeddish brown, flocculent, ferric hydroxide (EeOgHs) 
is precipitated from the solution of ferric chloride ; and white, 
gelatinous, opalescent, aluminium hydroxide (AIO3H3) is precipi- 
tated from the solution of aluminium sulphate. 

Aluminium and iron (in ferric salts) are distingidshed by 
the colour and appearance of the pps. pfodtLoed by the 
group reagent (ammonia, iiT presence of ammonium 
chloride) from solutions of salts of these metals. 

I In experiments of this kina naa about a tenth of a tost-tubeful of each solu- 
tion, and let the solutioua oontam about one part of tlia salt in 20 to 80 parts of 
the solvent. 
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Experiment II . — To illustrate the application of the sqVu- 
bilities of pps., and Iheir behaviours towards reagents, to dis- 
tinguish between metals belonging to the same group. 

Place in-, separate test-tujpes small quantities of aqueous 
solutions of lead nitrate, silver nitrate, and mercurous nitrate, 
, a^id to each add a few di'ops of dilute hydrochloric acid ; a white, 
curdy fpp. is produced ih each case. 

It is known (see Table, p. 228) that these pps. have the 
compositions PbCl 2 , AgCl, and HgCl, respectively. 

The pps. are so similar in appearance that one cannot be 
distinguished clearly from the others. 

Shake the tubes, and so cause the pps. to settle ; pour off as 
much as possible of the liquids above the pps. ; on to each pp. 
pour a little cold water, shake thoroughly, allow the pps. to 
settle, and pour away the supernatant liquids. Eepeat this 
treatment with a little cold water. Now pour some luater into 
each tube, and hail ; the pp. of lead chloride gradually dissolves 
in the boiling water, but the other ppg? do not dissolve. 

Lead ohlonde is thus distinguished from silver chloride and 
from mercurous chloride by the fact that it is the only 
one of the three chlorides which dissolves in boiling 
water. 

Now pour away the hot water from the pps. of silver chloride 
and mercurous chloride ; add a little ammonia solution to each 
pp. and shake thoroughly ; the silver chloride dissolves gradually, 
and the mercurous chloride i3 changed to a black solid. 

' Silver chloride and mercurous chloride are thus distin- 
guished by the facts that the former dissolves gradually 
in ammonia solution, and the latter is converted by the 
same reagent into a black substance. 

Experiment III . — To illustrate the application of the solu- 
bilities of pps.-^ and their behaviours toioards reagents, to dis- 
tinguish between metals belonging to the same group. 

The metals arsenic, cadmium, and tin belong to the same 
group [Group II.). Into small quantities of solutions, in 
dilute hydrochloric acid, of arsenious oxide and a salt of cadmium 
pass hydrogen sulphide, warm, and collect on filters the yellow 
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pps. that form. These pps. are arsenious sulphide (AsaS^) and 
cadmium sulphide (CdS) respectively ; both are light yellow, and 
they are too much alike to be distinguishable by their appear- 
ance. Wash the pps. once or twice with warm water, transfer 
fortions of the pps. to teat-tulfcs, add a little (say a tenth 
of a test-tubeful) cmmonmm sulphide solution, and warm for a^ 
few minutes ; the pp. of arsenious sulphide dissolves^ but S£e 
pp. of cadmium sulphide does not dissolve, ^ the warm solution 
of ammonium sulphide. 

Arsemo is distinguished from cadmium by the foots Jhat 
arsenious sulphide, which is a yellow' solid formed by 
passing hyd/rogen sulphide into a solution of a compound 
of (M'senic containing a little hydrochloric acid, is soluble 
i/n wa/rm ammonium sulphide, whereas cadmium sulphide, 
tohich is a yellow solid precipitated by hydrogen sulphide 
from an acidulated solution of a salt of cadmium, is in- 
soluble in warm ammonium sulphide. 

Now pass hydrogen syjphide into a warm solution of a little 
stannic chloride in dilute hydroehlorio acid) a yellow pp. of 
stannic sulphide (SnSj) is gradually formed. Heat to boiling 
(to cause the pp. to settle), collect the pp. on a filter, and wash 
it with warm water. Transfer ttoo portions of the washed pp. 
to test-tubes ; to one portion add a little ammonkm sidphide 
solution, and warm ; the pp. gradually dissolves. 

So far as the experiment has proceeded, it has not furnished 
a means for distinguishing yello^ stannic sulphide with cer- 
tainty from yeUow arsenious sulphide. , 

To the other portion of the pp. of stannic sulpli’de add some 
solid ammonium carbonate, and a little water, and warm ; the 
pp. remains undissolved. Now precipitate a little arsenious 
sulphide (or use some of the arsenious sulphide precipitated in 
the earher part of this experiment), and warm this pp. with 
some sohd ammonium carbonate and a little water ; the pp. 
gradually dissolves. r 

A stannic compound is distinguished from a compound of 
cadmium by the facts that yellow stannic sulphide is 
dissolved, whereas yellow cadmium sulphide is not dis- 
solved, by warm ammonium sulphide. 
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And a stannic compound is distinguished from an arsenic 
compound by the facts that yellow stannic sulphide is 
not dissolved, whereas yellow araenious sulphide is 
dissohed, by a ivarm co^icentrated solution of ammonium 
carbonate. 

" "NEx^eriment IV . — Ho illustrate the application of the solu- 
bilities of pps., anda their behaviours towards reagents, to dis- 
tinguish beticeen metals belonging to the same group. 

To small quantities of solutions,’ in a very little dilute nitric 
acid (say one-twentieth of a test-tnbeful), of a salt of bismuth 
and a salt of lead, add some waler, and then pass in hydrogen 
sulphide ; in each case a black, or very dark brown, pp. is formed. 
These pps. have the compositions Bi2S3 and PbS, respectively. 

The two metals bismuth and lead belong to the same group 
{ 0 roup JI.), and the pps. produced by the group reagent are 
too much alike to furnish a means of distinguishing the metals 
with certainty. 

Wash the pps. as directed in Experiment III., then to each 
pp. add a little moderately dilute nitsio acid (about a twentieth 
Qt,a test-tubeful of cone, acid diluted with its own bulk of water), 
and boil; both pps. dissolve gradually; in both cases a little 
hydrogen sulphide is given off during solution (detected by its 
smell), and some yellowish spongy solid is formed and floats 
about in the liqflid (this solid is sulphur). 

So far, the pps. of bis mutb sulphide and lead sulphide have 
behaved very,similaiiy. 

Boil the solutions of the two precipitated suli^hides in nitric 
acid for a few minutes (these solutions contain bismuth nitrate 
and lead nitrate, respectively), and filter if necessary ; to the 
clear liquids add about a fourth of a test-tubeful of dilute 
sulphuric acid, and evaporate both liquids, in basins, to about 
half their original volumes ; allow to cool, and then add a little 
dilute sulphuric acid. A white pp. wiU be seen to have formed 
in the solution that contained lead nitrate (this pp. is lead sul- 
phate, PbS04) ; but no pp. will have formed in the solution that 
contained bismuth nitrate. 

^ See footnote to Experiment I. (p, 284). 
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• Load, then, o-esembles bismuth in that hydrogen sul2:ihida 
produces black, or very dark brc&n, pps. from acidified 
solutions of these metals, which pps. are dissolved by 
heating with nitric acid, ^ut lead is distiryuished from 
bismuth by the facts that a soluUon containing lead gives 
a white pp. (P1)S04) on evaporation with dilute sulpMi^Cr 
acid, whereas a solution containing bismuth rdq^es hot 
give a pp. under similar conditicms. " 

Experiment V . — To illustrate the application of the solu- 
bilities of pps., and their behaviours towards' reagents, to dis- 
tinguish betiueen metals belonging to the same group. 

To small quantities of aqueous solutions of a salt of cobalt 
and a salt of nickel add about one-fourth of a test-tubeful of 
ammonium chloride solution, and then gradually add ammonia 
until there is an excess of this reagent ; in each case a pp. i? 
produced when a httle ammonia is added, but both pps. dis- 
solve when more ammoCia solution is poured in. To these 
solutions now add a very few drops of ammonium sulphide 
solution, boil for some minutes, collect the black pps. of cohalt 
sulphide and nickel sulphide (CoS and NiS) on filters, and wast 
these pps. Eemove portions of the black pps. to test-tubes, and 
shake them with very dilute hydrochloric acid, without warm- 
ing; neither pp. dissolves. Pour off the liquids from above 
the pps., and to each pp. add a little conccntratSd hydrochlcmic 
acid, and two drops (not more) (ff nitric acid, and boil ; both 
pps. gradually dissolve. r 

Cobalt and nickel, then, are both precipitated from alkaline 
solutions by ammonium sulpthide ; both pps. are black, 
and are insoluble in dilute, cold, hydrochloric acid, but 
are dissolved by hot cone, hydrochloric acid containing 
a very little nitric acid. 

Now take two pieces of clean platinum wire, and make a 
small loop on the end of each ; heaf these loops, and dip them 
into powdered borax (sodium borate, NajB^Oy.lO H2O) ; then 
heat the ends of the wires with the adhering borax in the flame 
of a Bunsen lamp until the borax melts, and becomes clear, 
colourless, glass-like beads. Bring a very little of the pp. of 
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cobalt sulpMde on to one of the horax heads, and a very little 
of the nickel sulpbide’^on to tbe other borax bead, and heat the 
beads in a Bunsen flame until they are melted ; then examine 
their appearsnces. The bea^ into which the cobalt sulphide 
Has been melted is deep blue, and the bead into which the 
ni<ikel sulphide has been melted is reddish brown. 

is distinguished from nickel by the facts that cohalt 
sulphide (and other solid compounds of cobalt) reacts 
with melted horax to form a blue solid, and the solid 
■» formed by the reaction of nickel sttlphide (and other 
solid compounds of nickel) with melted horax is reddish 
brown. 

Experiments I. to Y. illustrate the methods that are used in 
qualitative analysis for distinguishing from one another metals 
vjibich are precipitated by the same group reagent. 

Sometimes the colours and appearances of the pps. produced 
by the group reagent suffice to distinguish one metal from 
another of the same group ; for instance, iron is distinguished 
from aluminium by differences between the appearances of the 
group pps. (FeOaHa and AIO3H3) [Experiment I., p. 284]. 

The colours and appearances of the pps. produced by the 
group reagent are often very similar : in such cases the solubili- 
ties of these pps. sometimes serve to distinguish one from others ; 
for 'instance, allTihe pps. produced by the group reagent hydro- 
chloric acid are white and very alike in appearance, but the only 
one of these yhite pps. (PbClj, AgCl, and HgCl) which is solu- 
ble in hot water is lead chloride [Experiment II.] ; again, the 
only one of the three yellow pps. (CdS, AsjS,,, SnSj) produced in 
Group II. which is insoluble in hot ammonium sulphide is cad- 
mium sulphide [Experiment III., p. 236]. 

Similar pps. in the same group are sometimes differentiated 
by the reactions of these pps. with a reagent ; for example, 
mercurous chloride is the ohly one of the three white pps. of 
Ch'oup I. which interacts with ammonia to form a black com- 
pound [Experiment II., p. 285]. 

There may be several pps. in the same group like one another, 
’and all dissolving in the same reagent ; in such cases 4 ’eactions of 
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solTitions of these pps. with a reagent, or with different reagents, 
often serve to identify the different mefals ; for example, the 
two dark-coloured pps. bismuth sulphide and lead sulphide, both 
formed in Group IL, dissolve in Ijiot nitric acid, and the solution 
of lead nitrate thus produced gives a white pp. (PbS 04 ) on 
addition of dilute sulphuric acid and evaporation, whereas 
treatment does not cause the formation of a pp. in the selirticm of 
bismuth nitrate [Experiment lY., p. 237]. ' 

The application of a dry test — frequently the reaction with 
melted borax — is sometimes the quickest and,, most oonolnsive 
way of differentiating two pp^. which are very similar ; for 
example, black cobalt sulphide dissolves in melted borax to form 
a blue compound, whereas black nickel sulphide dissolves in the 
same reagent to form a reddish brown compound [Experi- 
ment 7., p. 239]. 

The results of Experiments I. to V. may be summarised b^ 
saying that pps. containing metals of the same group are dis- 
tinguished ; (1) by them colours and appearances ; (2) by some 
property of the pps., very frequently their solubilities or insolu- 
bilities in a reagent, or then.’ reactions with a reagent ; (3) by 
the reactions of solutions of these pps. 

In every case the tests that are used must sufSce to identify 
the metal without doubt ; sometimes a single test suffices, but 
more often it is necessary to employ several confifrmatory iest^. 

The reactions which serve to Identify a metal occur under 
definite conditions ; these reactions must, therefore, be used 
tests under definite conditions. For instance, the statement that 
a solution of a compound of iron gives a pp. with an excess of 
ammonia, is not sufficiently exact to serve as the basis of a test 
for iron; but the statement that a solution of a ferric compound, 
free from compounds of other metals, gives a reddish brown pp. 
of ferric hydroxide when excess of ammonia is added, is suffi- 
ciently exact to serve as the basis of" a test for iron. Again, if a 
pp. is produced by passing hydrogen sulphide into a solution, 
the conclusion cannot be drawn that a metal (or metals) of 
Group II. is present in the solution, because the metals of 
I. are= precipitated by hydrogen sulphide from an acid or 

r 
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an alkaline solution, and the metals of Qrowpa III. and IV. axe 
precipitated by the same reagent from alkaline solutions. But 
if it is known that none of the metals of Group I. is present in 
a solution, and if, after making that solution slightly acid by 
hydrochloric "acid, hydrogen Sulphide produces a pp., then it 
follows that the solution contains a metal, or metals, of 
Gr^aip^II. '> 

A reaction which’ proceeds very slowly, or is decidedly modi- 
fied by small changes in such conditions as temperature, or 
quairtity of water^or other reagent, present, cannot be employed as 
a quahtative test. For instance, » addition of a solution of potas- 
sium iodide to a cold, fakly concentrated, solution of a salt of 
bismuth in a very little acid, produces a brown pp. of bismuth 
iodide (Bilg) ; but addition of the same reagent to a hot, some- 
what dilute, solution of a salt of bismuth, precipitates red bis- 
muth oxyiodide (BiOI). Solution of potassium iodide is not, 
therefore, a suitable reagent for detecting bismuth. 

A consideration of the reactions used in the qualitative 
detection of metals, as illustrated by the foregoing experiments, 
will show that most of the tests are based on reactions between 
Mids and salts, alkalis and salts, or salts and salts. For in- 
stance, the group reactions of Groups I. and II. consist in 
interactions of acids (hydrochloric and sulphydrie acids) and 
salts of the metals of these groups, resulting in the formation 
of new salts which precipitate (chlorides in Group I. and sul- 
,phides in Gi'oup II.), and new acids which remain in solution. 
The group reaction of Group III. is an interaction of salts (of 
the metals of the group) and an alkali (ammonia), resulting in 
the formation of metalho hydroxides which are precipitated, and .. 
salts of ^the metal of the alkali (salts of ammonium) which go 
into solution. The group reactions of Groups IV. and V. are 
interactions between salts (ammonium sulphide in Group IV. 
and ammonium carbonate %i Gi'oup V.) and salts (of the metals 
of the groups), producing new salts which precipitate (sulphides 
of the metals of Group IV. and carbonates of the metals of 
Group V.), and other new salts (of ammonium which go into 
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GENEEAJj EEMAEKS ON THE APPLICATION PSW 
THE TWO EOBEGOING' LESSONS " ^ 

r 

The applioation of the reactions of the kind illustrated in 
the preceding paragraphs to the qualitative andlysis of a mixture 
of metals must proceed in a systematic manner. The plan fol- 
lowed is first to find reactions each of which is common to 
several metals, and by using these common reactions to divide 
the metals into groups ; then to find a reaction peculiar to one 
metal, whereby that metal may be separated from the other 
members of its own group ; and, finally, to identify the metal 
thus separated by applyii^ a reaction which is characteristic of 
that metal. The second and third stages are sometimes com- 
bined into one, by using a reaction which at once separates a 
certain metal from the other members of its group, and also 
identifies the metal thus separated. In some cases it is n'5t 
necessary to separate a metal from other metals belonging to the 
same group in order to identify the metal in question ; for 
instance, addition of excess of ammonia to a solution containing 
copper and any, or all, of the other metals of Group II., produces 
an azm'e-blue liquid ; as the colour of the liquid is visible even,, 
if the liquid contains pps. produced by the amindnia, this re- 
action of compounds of copper may be applied to detect copper 
in a solution containing all the metals of the second group. 

The formation of a satisfactory plan for the qualitative 
analysis of a mixture of all the common metals requires an 
exhaustive study of the reactions of these metals, and of some 
of the physical properties of their cjpnpounds, and the selection 
of those reactions and properties which are most suitable for the 
purpose of dividing the metals into groups, and of those reactions 
and properties which serve best for the identification of each 
member of each group. 



PLAN OF QUALITATIVE ANALYSIS 


It -would be absurd to require every student of qualitative 
analysis to make sucb .an exhaustive, and exhausting, study as 
this. The learner must use the experience of those -who have 
gone before him, and be content to restrict himself to certain 
selected reactions, and to use flio plan of analysis that has been 
^found to -work satisfactorily. 

• * 

Thfe immediate object at present is to become acquainted 
with the methods employed for detecting the metals in a mixture 
of salts, or in a mixture of metals, arranged so that not more 
than a single metal is present in the same group. For this pur- 
pose it will be sufficient for the»student to perform the experi- 
ments on the reactions that are used for detecting a metal of 
each group ; then to examine the synopses of those reactions ; 
then to detect one metal in Group I., then one metal in 
Group II., and generally one metal in a group when the group 
fs known ; and finally, to detect the metals in a mixture which 
may contain a single metal in each group. 
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DET30TI0N OP A SINGLE METAL KNOWN TO BELONG TO feoUP I 

Materials regMire^.— Solution of a salt of lead, a salt of silver, 
and a mercurous salt. A few salts of those n?.etals in solhtion, 
and a few solid salts. r 

The metals in tlus group are silver, marewosum, and lead. 

Group reagent is a dilute solution of liydroohlorio aoid. 

The ppa, produced by the group reagent are AgCl, HgCl, and PbCl^; 
these pps. are white. 

Experiment I . — To become acquainted with the reaoiio'^s 
used for detecting a metal of Group I. 

To small quantities (about a tenth of a test-tubeful) of solu- 
tions of lead nitrate, silver nitrate, and mercurous nitrate add a few 
drops of dilute hydrochloric acid ; shake the tubes thoroughly ; 
let the pps. settle, and then pour off the supernatant liquids ; add 
a very httle distihed water to each pp., shake, let pps. settle, 
and pour off the liquids ; repeat this washing process. Add about 
quarter a test-tubeful of distilled water to each 'washed pp. Snd 
boil for a few minutes. The lead chloride dissolves, but both the 
silver chloride and the mercurous chloride remqjin unchanged.- 
To the solution of load chloride in hot water add solution of 
potasskm chromate ; a yellow pp. of lead chromate is produced. 
Add acetic aoid to this pp. ; the pp. docs not dissolve. 

Pour off the warm water from above the pps. /if silver 
chloride and mercurous chloride ; to each pp. add about a tenth of 
a test-tubeful of ammonia solution, and shake. The pp. of silver 
chloride dissolves ; and the pp. of mfirourous chloride is changed 
to a black substance. To the solution of silver chloride in 
ammonia add nitric acid solution till the liquid is aoid; a 
white pp, of silver chloride is produced. 

Pour off the ammonia solution from above the black substance 
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produced by shaking the pp. of mercurous chloride with ammonia ; 
add about 20 drops of cjmc. hydrochloric acid and about 10 drops 
of Gono. nitric acid to the black solid and boil. The black solid 
dissolves ; to the solution add stannous chloride solution, drop hy 
drop ; a white pp. of merourouS chloride is produced ; and after 
a moderate quantity of stannous chloride has been added this 
whi*^ gp. changes to a black solid which is mercury. 

Sympsis of those Reactions of the Metals of Group I. which 
are Employed in Detecting One of these Metals. 

(1) -Soluble in hot i«nter=Pb0l2 ; the solution in 
hot wateii, gives a yellow pp. (PbCrO j) with 
potassium chromate, which pp. is in- 
soluble in acetic acid. 

(2) Insoluble in hot water— or HgCl. 

(8) Insoluble in hot water, 

and soluble in ammonna=A.gGl ; the solution 
in ammonia gives a white pp. of AgCl 
with excess of nitric acid (AgCI in 
ajNHjAq -|- HN 03 Aq = NH.iNOgAq-b 
AgCl). 

(4) Insoluble in hot water, 

and blackened by ammonia the black 
' compound (NHaHg.^Cl) dissolves in hot 
aqua regia, and this solution, which 
contains HgCl^, gives a grey-black pp. 
(HgCrand Hg) with stannous chloride. 
[(1) 2Hg01.2Aq -f- SnClaiiq = 2HgCl-t- 
SnChAq; (2) 2 HgCl-lSnCl 2 Aq= 2 Hg + 
SnCl^Aq.] 

Experiment II. — To apiply the results of Experiment I. to 
find out lohat metal is present in a salt which is knoiun to be a salt 
of lead, silver, "^or mercurositm; or to fiml out which of these 
three metals is the metal ghen you. 

A. If the salt or metal is given in solution pro- 
ceed as follows. If the substance is a solid see B (p. 246). 

To about one-tenth of a test-tubeful of the solution add dilute 
hydrochloric acid until there is a slight excess of acid. 


The white 
pp. pro- 
duced by 
hydro- 
■'Chlorio 
acid is 
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DETSOTION OF A BINGLH METAL KNOWN TO BELONG TO (&ROUP I 

r 

Materials required. — Solution of a salt of lead, a salt of silver, 
and a mercurous salt. A few salts of tliese rwetals in solution, 
and a few solid salts. 

Tie metala in this group are silver, mereurosum, and lead. 

Group reagent is a dilute solution ol hydroohlorio aoid. 

The pps. produced by the group reagent are AgCl, HgCl, and TbCl^; 
these pps. are white. 

Experiment I. — To become acquainted with the reaciioih 
used for detecting a metal of Group T. 

To small quantities (about a tenth of a test-tubefull of solu- 
tions of lead nitrate, silver nitrate, and mercurous nitrate add a few 
drops of dilute hydrochloric acid ; shake the tubes thoroughjj ; 
let the pps. settle, and then pour off the supernatant liquids ; add 
a wry little distilled water to each pp., shake, let pps. settle, 
and pour off the liquids ; repeat this washing process. Add about 
quarter a test-tubeful of distilled water to each washed pp. find 
boil for a few minutes. The lead chloride dissolves, but both the 
silver chloride and the mercurous chloride remq,in unchanged-- 
To the solution of lead chloride in hot water add solution of 
potassium chromate ; a yellow pp. of lead chromate is produced. 
Add acetic acid to this pp. ; the pp. does not dissolve. 

Poiu' off the warm water from above the pps. /if silver 
chloride and mercurous chloride ; to each pp. add about a tenth of 
a test-tubeful of ammonia solution, and shake. The pp. of silver 
chloride dissolves ; and thepj). of morcurous chloride is changed 
to a black substance. To the solution of silver chloride in 
ammonia add nitric acid solution till the liquid is aoid; a 
white pp. of silver chloride is produced. 

Pom* off the ammonia solution from above the black substance 
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produced by sbaHng tbe pp. of mercurous chloride with ammonia ; 
add about 20 drops of cjmo. hydrochloric acid and about 10 drops 
of cone, nitric acid to the black solid and boil. The black solid 
dissolves ; to the solution add stannous clilorido solution, drop hy 
do-op ; a white pp. of mercurouS chloride is produced ; and after 
a moderate q^uantity of stannous chloride has been added this 
whv^ gp. changes to a black solid which is mercury. 

Synopsis of those Beactions of the Metals of Group I. which 
are Employed in Detecting One of these Metals. 

(1) -Soluble in hot water~'Bb0l2 fhe solution in 
hot wate^ gives a yellow pp. (PbCrO^) with 
potassmm chromate, which pp. is in- 
soluble in acetic acid. 

(2) Insoluble in hot water— AgCl or HgCl. 

(8) Insoluble in hot water, 

and soluble in ammonia— AgCl; the solution 
in ammonia gives a white pp. of AgCl 
with excess of* nito-ic acid (AgCl in 
jrNHgAq + HNOaAq = NH^NOsAq-t- 
AgCl). 

(4) Insoluble in hot water, 

and blackened by aomionia=^'S.gGl-, the black 
' compound (NH. 2 Hg. 2 Cl) dissolves in hot 
aqua regia, and this solution, which 
contains Hg 0 l 2 , gives a grey-black pp. 
(HgCPand Hg) with staomous chloride. 
[(I) 2HgG1.2Aq -t- SnClsAq = 2HgCl-t- 
SnOhAq; (2) 2HgCl-f SnCl2Aq=2Hg-t- 
SnGliAq.] 

Experiment II . — To apply the o-esuUs of Experiment I. to 
find out what metal is present in a salt which is known to be a salt 
of lead, silver, *or mercurosum; or to find out which of these 
three metals is the metal gp'cn you. 

A. If the salt or metal is given in solution pro- 
ceed as follows. If the substance is a solid see B (p- 246). 

To about one-tenth of a test-tubeful of the solution add dilute 
hydrochloric acid until there is a slight excess of acid. 


The white 
pp. pro- 
duced by 
hydro- ' 
’'Chloric 
acid is 
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, Collect the pp. on a filter. 

Wash the pp. three or four times -wifh cold water, using a 
very little loater each time. 

Transfer the washed pp. to a test-tube, and fill the tube nearly 
to one-half with distilled water, ahd boil for a few minutes : 

(1) The yjp. dissolves in hot water ; the pp. was PbClj, and,, 

therefore. Lead is present. f ^ ^ ^ 

Confirm this r e suit hy &iSing potaSsmm chromate boIu.- 
tion, and then acetic acid, to the solution in hot water of 
the pp. produced by hydrochloric acid; a yellow pp. is 

PbCrOi. 

* r 

(2) The^p. does iwt dissolve in hot water; the pp. is AgCl 
OT HgCl, and, therefore, either silver or mercurosim is present. 

To determine whether silver or mercm’osum is present, 1st 
the pp. settle after boUing with water, pour off the hot water, ad^ 
about quarter a test-tubeful of ammonia solution to the pp. and 
shake : ^ 

{a) The pp. dissolves in ammonia ; to this solution add an 
excess of dilute nitric acid ; if a pp. forms which at first is white, 
but which turns violet when exposed to light, this pp. is AgCl, 
and, therefore, Silvee is present. 

(&) The pp. is blackened by ammonia; the pp. was HgCl, 
and, therefore, Meeourosom is present. 

Confirm this result hy dissolving the lilaok substance 
(NHjHgjCl) in a very liUlt hot aqua regia, and adding 
stannous chloride to this solution, when a gsey-blaok pp.'^ 
of HgCl and Hg will be formed. 

B. If the salt or the metal is a solid proceed as 
follows. 

Place a ve7-y little of the substance in a test-tube, fill the tube 
to about one-fourth with water and boil. If all clissolves add a 
little more of the substance, boil <tiU dissolved, and use this 
solution as directed under A (p. 246). 

If the substance does not ^ssolve in water, boil a little of it 
with about quarter a test-tubeful of dilute nitric acid until it is 
dissolved, anc^ use this solution as directed under A (p. 246). 
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lESSON XLIV 

•S^TJ^OTION OF A fSiNGLB MBTAi KNOWN TO BELONG TO 
•< GEOTJP II 

Materials required. — Solutions of a salt of each of the 
following metals ; lead, copper, bismuth, cadmium, arsenic, 
antimony, and tin, A few salts* of these metals in solution, and 
a few SOM salts ; also two or three of the metals themselves. 

The metals in this group are mearouricum, lead, copper, cadmium, 
bismuth, arsenic, antimony, and tin. Lead ia placed here as well as 
in Group I., baoausa, aa PbCb ia slightly soluble In dilute hydi’oohlorio 
aoid, this metal ia not oomplotely precipitated in Group I. 

Group reagent is hydrogen sulphide passed into a solution oontaining 
hydroohlorio aoid. n 

The pps. produced by the group reagent are HgS, PbS, OuS, CdS, 
BljSa, As,,Sj, SbjBj, SnS irom stannous compounds, and SnS^ from 
stannic compounds ; these pps. vary in colour from yellow to blach. 

Experiment I . — To become acquainted with the reactions 
used for detecting a metal of Group II. 

To small quantities (about a tenth of a test-tubeful) of solu- 
tions of salts -of the follotving metals, arranged in test-tubes in 
the following order — antimony, arsenic, stannic tin, oadmiiun, 
stannous tip. lead, bismuth, copper, mercuric mercury — add a few 
drops of dilute hydroohlorio acid, and then fiU up the tubes with 
a freshly prepared solution of hydrogen stolphide. Heat each 
liquid to hoiling, put the test-tubes into the stand in the same 
order as before, and let the pps, settle : pour off the supernatant 
liquids ; add a little water to each pp. and heat to boiling ; let 
the pps. settld) and pour off the liquids from above the pps. 

Transfer a small porHon of the washed orange-red pp. of 
antimony sulphide to another test-tube, add a very little 
artimtonkm sulphide solution, and heat ; the orange-red pp. of 
antimony sulphide dissolves. To this solution add hydrochloric 
acid in excess ; orange-red Sb^Ss is re-preeipitatM, 
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Transfer small portions of the washed yellow pps. of arsenio 
sulphide, stannic sulphide, and cadmium nulphide to other test- 
tubes, add to each pp. a little ammonium sulphide solution, and 
heat ; the yellow pps. of arsenic sulphide an^ stannic sulphide dis- 
solve, while the yellow pp. of cadmium sulphide does'hot dissolve. 

Transfer other sviall portions of the washed yellow pps. of 
arsenic sulphide and stannic sulphide together test-tube^ 
to eaoh pp. a little solid ammonium carhonap and a vh-y little 
water, and warm ; the yellow ASjSa dissolves, while the yellow 
SnSj does not dissolve. To the solution of arsenio sulphidq, in 
ammonium carbonate solution add dilute h^drochlorio acid 
till the liquid is acid ; yellow AC2S3 is re-precipitated. To the 
remainder of the washed yellow pp. of stannic sulphide add a 
very littlo cone, hydn-oehloric acid, and boil for a few minutes ; 
the SnSa dissolves ; pour the solution, which contains staimio 
chloride, into a basin, add some copper turnings, and a little 
water, and boil for at least five minutes ; now pour off the liquid 
into a test-tube, and add^^to it a very little mercuric chloride 
solution ; a pp. is produced which may be white (HgCl), or grey 
(HgCl mixed with Hg), or nearly black (Hg). 

To the washed dark brown pp. of stannous sulphide add a 
little ammonium sulphide solution, and warm ; the pp. dissolves ; 
to this solution add dilute hydrochloric acid till the liquid is 
acid ; yellow stannic sulphide (SnSj) is precipitated. 

Transfer small portions of the washed black ppa. of sulphide's 
of lead, bismuth, copper, and mercjjry. to other test-tubes, add 
to each a little a/mmonium sulphide solution, and warm ; none 
of the pps. dissolves. 

Transfer other small portmis of the four washed black pps. 
to other tubes, add a little nitric acid (about one part cone, acid 
to three parts water) to each pp., and boil ; the ppa. of PbS, 
BiaSj, and CuS dissolve, but the pp. of HgS does not dissolve. 
Boil the solutions of the sulphides of lead, bismuth, and copper, 
in nitric acid for a few minutes (th^e solutions now contain 
nitrates of the metals), then add to eaoh solution a little dilute 
sulphuric acid and boil for a short time ; a white pp. (PbSO^) 
forms in the tube which contained the solution of lead nitrate, 
but the two other solutions remain free from pps. To these two 
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solutions now add animonw in excess ; a white, gelatinous, .pp. 
(BiOaHa) forms in the lube that contained the solution of bismuth 
nitrate, and an aziu'ejblue colour is produced in the liquid which 
contained conper nitrate (this colour is due to the formation, in 
the solution, of Cu02H2.2NH3^ Collect the white gelatinous pp. 
, of BiOgHa on a filter and wash it twice with warm water ; then 
pui^ alej-n tube under lihe funnel, and pour not more than a dozen 
drops of hot dilute hydrochloric acid over the pp. ; pour the solution 
(which contams bismuth chloride) into about three test-tubesful 
of water ; a white pp. of BiOOl is produced. 

To the black pp. of HgS which has not dissolved in boiling 
nitric acid add about ten drops of cone, hydrochloric acid, and boil ; 
the pp. dissolves in the mixture of nitric and hydrochloric acids ; to 
this solution, which contains HgOla, add a few drops of stannous 
chloride solution ; a grey pp. (Hg and HgCl) is produced. 

'Synopsis of those Beaotions of the Metals of Group II. which 
are Employed in Detecting One of these Metals. 

(1) Insoluble in warm ammoninm sulphide— CAS. 

(2) Soluble in warm ammonium 
or AsaSa (solution contains thio-stannates 
or thio-arsenites of ammonium). 

(8) Soluble in warm ammonium sulphide, also 
soluble in cone, - warm ammonium cevr- 
„ bonate solution = As 2S3 ; hydrochloric 

acid re-precipitates AS2S3 from the solu- 
tion '^of ammonium thio-arsenites) in 
ammonium carbonate. 

( 4 ) Soluble in warm ammonium sulphide, but in- 
soluble in warm cone, ammonium 
carbonate solution=SuS2 ; this pp. dis- 
. solves in boiling cone, hydrochloric acid 
(SnS2-|-4HGlA(i=SnCl4Aq-(-2S'2S) I and 
wh^ this solution is boiled with copper, 
stannoMS chloride is gradually formed 
(SnOl^Aq -p Cu = SnOljAq -t- CuOlsAq) ; 
addition of mercuric chloride solution 
now produces a white pp. of HgCl, or 
a greyish pp. of HgCl mixSd^with Hg. 


I. The pp. 
produced by, 
hydrogen ^ 
sulphide is 
yellow, and 
is 
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II. The pp. produced by hydrogen sulphide is orange-red, and 
is dissolved by warm ammonium sulpMde^=Sh^B ^ ; hydrochlorio 
acid re-precipitates SbaSg from the solution /of thio-antimonites) 
in ammonium sulphide. ^ ^ 

( 1 ) Soluble in warm ammonium sulphide—BriB ■. 
hydrochloric acid precipitates yellm 
SnSa from the solution of SnS, iir <im- 
monium sulphide (which solution contains 
(NH,),SnS 3 ). 

( 2 ) Insoluble in warm ammonium sulphide 
=HgS, P^S, CuS, or BigSg. 

s I (^) Insoluble in warm ammonium sulphide, and 

^ ' also insoluble in hot nitric acid = HgS ; 

this pp. dissolves in warm aqua regia, and 
addition of stannoiis chloride to this solu- 
tion, which contains HgClg, forms ar 
grey-black pp. (HgCl and Hg), 

( 4 ) Insolnblff in warm ammonium sulphide, but 
dissolved by hot nitric acicZ=PbS, CuS, 
or BigSg. 

- — — 

The solution of this pp. in nitric acid com 
tains Pb(N03)2, 0u(N03)a, or Bi(N03)3, s-od gives 
(i.) a white pp. on adding a little sulphwric 
acid and evaporating ; pp>=PbS04 : " 
(ii.) no pp. on evaporating with sulphuric acid, 
but a deep blue colour with excess of , 
ammonia; colour due to formation in 
solution of CuOgHg . 2 NHg ; 

(iii.) no pp. on evaporating with sulphuric acid, 
but a white gelatinous pp. with efccess of 
ammorda ; pp. is BijOg . ajHgO. This pp. 
dissolves in a little warm HClAq, and 
when the solsation is poured into much 
water a white pp. of BiOCl is produced. 

Before proceeding to make use of the reactions examine^ in 
Experiment L, and tabulated in the synopsis of reactions, it is 
advisable to biwome acquainted with the conditions under which 
the precipitation of the metals of Group II. is effected success- 


btacK or 
dcwh- 
brown, 
and is 


in. The 
pp. pro- 
duced by 

'hxr/Ivnn'ATi 
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fully. For this purpose the two followiug experiments should 
be performed. 

Experiment II.— To become acguainted with the conditions 
- under which the complete prdiipitationof the metals of Group 11. 
is best effected. 

Pass hydrogen sulphide into moderately concentrated 
nitric acid (about e^ual parts cone, acid and water) ; a yellowish 
white, very finely divided, solid forms in the liquid. Pour the 
liquid through a filter ; the filtrate is not clear, but still contains 
suspended solid' matter. Continue to pass hydrogen sulphide 
into the nitric acid solution, Tihen heat the liquid ; there is a 
sudden deposition of finely divided yellow sulphur, the smell of 
nitrogen dioxide is apparent, but the liquid does not smell of 
hydrogen sulphide. Nitric acid and hydrogen sulphide interact, 

^ more quickly when heated, to form nitrogen dioxide, water, and 
sulphur; part of the sulphur may be oxidised, by oxygen from 
the nitric acid, to sulphurous and snlphuric acids, but some of 
it remains suspended in the liquid. 

Now dissolve a little (say quarter a gram) cadmiiun nitrate or 
cadmium sulphate (Cd(ir 03)2 or CdS 04 ) in moderately dilute 
nitric acid (about one part cone, acid to three parts water), and 
pass hydrogen sulphide into this solution, warming after a time ; 
no pp. except finely divided sulphur is produced until a very 
Ifirge quantity of the gas has been passed into the liquid, and 
the liquid has been very coneiderably diluted with water. 

Finally, -precipitate a little cadmium sulphide by adding 
hydrogen sulphide to a solution of a salt of cadmuim in a little 
very dilute hydrochloric acid, and warming ; wash the pp. two 
or three times with water, transfer it to a test-tube, add a few' 
drops of moderately cone, nitric acid solution (about equal parts 
cone, acid and water), and warm ; the cadmium sulphide dissolves. 

The non-f5rmation of cadmium sulphide by passing hydrogen 
sulphide into a solution of -a salt of cadmium in moderately con- 
centrated nitric acid solution is now accounted for ; it has been 
shown (1) that nitric acid and hydrogen sulphide interact with 
the decomposition of both compounds, and (2) that cadmium 
sulphide dissolves in warm nitric acid solution. 

The results of this part of Expenment II. ma'ke it evident 
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that nitric acid should not be present in a solution from 
ivhioh the metals of Qraujs II. are to be precipitated 
by hydrogen sulphide. ^ 

B. Mate a solution of about quarter a gram of a sal^of cadmium 
in bydroobloric acid (equal ports oonc. acid and water) and pass 
hydrogen sulp)}nde into tbis solution for some time ; the only pp. 
that forms is white finely divided sulphur, ‘'Now dilute %o Jfic^d 
with about its own bulk of water, and warm; a yellow pp. of 
cadmium sulphide (CdS) forms. Pass in more hydrogen sulphide, 
filter, dilute the filtrate, and warm ; more yelloiy cadmium sul- 
phide is precipitated. Again filter, add hydrogen sulphide to the 
filtrate, dilute, and warm ; a further precipitation of yellow 
cadmium sulphide occurs. By repeatedly filtering, diluting, 
saturating with hydrogen sulphide, and warming, the whole of 
the cadmium in the solution will be precipitated as sulphide. 

Pour ofi the liquid from the precipitated cadmium sulphide, 
add a little dilute hydrochloric acid to the pp., and warm ; the 
cadmium sulphide does not*‘di3solv6. Now pour off the liquid 
from the pp., add some moderately concentrated hydrochloric 
acid (about equal parts oonc, acid and water), and warm gently ; 
the cadmium sulphide dissolves. 

The results of Experiment II. show that the solution from 
which the metals of Group II. are to be precipitated by 
hydrogen sulphide should contain a little, but only a 
little, hydrochloric acid ; that the liquid ihould be free 
from nitric acid ; and that thfliquid should he thoroughly 
saturated with hydrogen sulphide, then warmed, diluted 
somewhat, again saturated with the group reagent, and 
allowed to stand for a little time, to ensure the complete 
precipitation of the sulphides of the metals of this group. 

Experiment III . — The object of this experiment is to 
emphasise the need of adding a large excess of hyditogen sulphide 
to complete the precipitation of the ^Iphides of the metals of 
Group II. 

Dissolve about equal, small, quantities (say quarter a gram) 
of mercuric cbloride and cadmium nitrate or sulphate in water, 
mix the solutions, and add a wry little dilute hydrochloric acid, 
warm gently^ and pass hydrogen sulphide into the solution until 
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the pp. ia quite black and the liquid smells of hydrogen sulphide ; 
]iow warm for a few minutes, and filter. Add some water to the 
filtrate, and pass hydrogen sulphide into it; a yellow pp. of 
cadmium sulphide is obtained, and no black pp. is produced even 
when the liquid is thoroughly saturated with hydrogen sulphide, 
and is then allowed to stand. 

^noiuing that ni^arcurio sulphide is blaok, and cadmium sul- 
phide is yeilow, this experiment shows that it is possible to 
precipitate, by hydrogen sulphide, all the mercury from a 
slightly acid^dated solution containing mercury and 
cadmimn, and to leave some of the cadmium unpreci- 
pitated. 

The first portion of the pp. produced by hydrogen sulphide 
in an acidulated solution of the metals of Group II. does 
not neoesaarily contain all the sulphides of the metals of 
the group ; a greater excess of hydrogen sulphide, and a 
longer time, are required to precipitate cadmium sulphide 
completely than to complete the precipitation of mercuric 
sulphide. 

Experiment IV. — To apply the results of the foregoing experi- 
ments to find out what metal is present in a salt which is known 
to be a salt of merctmc mercury, lead, copper, cadmium, bismuth, 
arsenic, antimony, or tin ; or to find out which of these metals is 
ihe metal given you. 

A. If the salt or mietal is given in solution pro- 
ceed as fcTlows. If the substance is a solid see B (p. 266). 

Add a few drops of dilute hydrochloric acid ; then saturate 
about a quarter of a test-tubeful of the solution with hydrogen 
sulphide; then gradually heat nearly to boUing, dilute considerably, 
again .pass m hydrogen sulphide until the liquid smells strongly 
of that gas, allow to stand for about five minutes, and then 
collect the pp*! on a filter. 

To make certain that tihe whole of the metal of 07-oup IT. has 
been precipitated, dilute a part of the filtrate from the pp., heat 
gently for a few minutes, again pass in hydrogen sulphide, and 
let stand for a few minutes : — if no pp. is formed, the metal of 
Group n. has been removed completely. 

Collect the pp. produced by hydrogen sulphide On a filter. 
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,Wasli the pp. two or three times with warm water. 

Observe the colour of the pp. producedfby hydrogen sulphide, 
and then proceed to examhie it according tqi,A, B, or C (below). 

A. The is orange-red. Eemove some of washed pp. 
to a test-tube, fill the tube to about one-sixth with ammomuni 
sulphide, and warm (don’t boil) for a few minutes ; if the pp. „ 
dissolves , and is re-precipitated (along with finely divided yelJqi»fiBh 
white sulphur) by adding excess of hydrochhric acid, the pp. is 
SbjSs, and, therefore. Antimony is present. 

B. The pp. is yellow. To a little of the quashed pp. "add 
ammonium sulphide and warm (siS directed under A) : — 

( 1 ) The yellow pp. does not dissolve in warm ammonium 
sulphide; the pp. is CdS, and, therefore, Cadmium is present. 

( 2 ) The yellow pp. dissolves in warm ammonium sulphide ; 
the pp. is AS3S3 or SnSj. To another part of the washed yellow 
pp. add a little water, and a few grams of solid ammonium carlo-'' 
nate (to insure that a concentrated solution of this salt is pro- 
duced), and warm (don’t boil) for some minutes. 

If thepp. dissolves, and is If the pp. does not dissolve, 
re-precipitated by adding excess it is SnS.^, and, therefore. Tin is 
of hyd/roohlorio acid, the pp. is present as a stannic compound. 
AS2S3, and, therefore, Aesbnio Confirm this resiUt by 
is present. boihng another part of the 

yellow pp. that w^s produced by 
hydrogen sulphide with a Utile cone, hydrochloric acid in a basin, 
for a few minutes, then adding some water and copper turnings, 
and boiling for at least five minutes ; then pouring "off the liquid 
and adding to it a solution of mercuric chloride', if a greyish- 
^blaok pp. forms this pp. is Hg and HgCl, and, therefore, the pre- 
sence of Tin is confirmed. (Beactions : (i.) SnS^ -f- (4 -I- a;)HCLA.q= 
Sn0l4in xB.QlAq-^m.^S ; (ii.) SnOli in aHOlAq + Ou^SnCla 
inajHClAq-i-CuOlaAq; (iii.) SnOl^in icHOlAq-i-HgOljAq^SnOli 
in a:H 01 Aq-|-Hg.) ^ 

C. The pp. is black or dark brown. To a Uttle of the washed 
pp. add ammonium sulphide, and worm (as directed under A) : — 

( 1 ) The dark coloured pp. dissolves in warm ammonium 
sulphide ; the^pp. is SnS, and, therefore, Tin is present as a 
stannous compound. 
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Xlonfirm this result by adding dilute hydrochloric acid 
to the solution of the pp. in ammomnm sulphide, until 
the liquid is acid ; a yellow pp. is SnSa (mixed with finely 
divided yeUoiVish white sulphur). 

(2) The^ dark coloured does not dissolve in warm am- 
monium sulphide ; the pp. is HgS, PbS, CuS, or BijSg ; — 

In this case remove another portion of the washed pp. to a 
.tesi^-ftiba, fill the tube to about one-sixth with nitric acid (about 

one part cone, acid to three parts water), and boil for a few minutes. 

^ 


JChe dark coloured' 
pp. does not dissolve m 
, the nitric acid 


The dark coloured pp. dissolves in nitric acid 
(Bmall, light, spongy particles of sulphur may float 
in the liqpfd, but these may be neglected) : — 


Boil the solution in nitrio acid till every trace 
of hydrogen sulphide is removed ; then add about 
one-sixth of a test-tubeful of dilute sulphmio 
acid, and evaporate in a small basin nearly, but 
not quite, to dryness ; let cool, and then add 
about quarter a tubefnl of water and a very little 
dilute sulphurio acid, pour the liquid into a test- 
tube and warm for a few minutes ; if a white pp. 
remains this pp. A PhSO,, and, therefore, Leah is 
present.' 

If evaporation with dilute sulphuric acid has 
not produced a pp, U.e. if lead is absent), to the 
liquid in the tube add eacess of anmonm : — 


Pour about a tenth 
of a tubeful of cone, 
hydrochloric acid into 
the test-tube containing 
the pp. and nitrio aoid, 
and boil for some min- 
utea ; then add water, 
and boil again till every 
trace of hydrogen sul- 
phide is removed ; then 
to this solution add 
stannous chloride solu- 
tf,on drop by drop ; if a 
white pp. is produced, 
and this turns grey, and 
then blaoh, when more 
stannous chloride is 
added, the white pp. is 
HgOl, and the black pp. 
is Hg, and, therefore, 
MebOTjut is present. 


If a deep blue colour 
appears in the liquid 
this is due to forma- 
tion, in solution, of 
CuO^Hj . 2NHg, and, 
thereftfte, Oopwib is pre- 
sent. 


If a slight, gelati- 
nous, white pp. is pro- 
duced this is probably 
BijOj . SHjO, and, there- 
fore, bismuth is pro- 
bably present. 

Confirm this re- 
sult by oolleoting the 
pp. on a filter, washingit, 
then dissolving it in not 
more than twelve drops, 
of boiling dilute hydio- 
chlono acid (pouring the 
same aoid repeatedly on 
to the filter), andpom-ing 
this Bolntion in to 200 or 
300 0 . 0 . of water ; if a 
white cloudy pp. forms 
in the water, this isBiOOl, 
and, therefore, Bismuth; 
is present. 


Note. — Should the pp. produced by hydrogen 
sulphide ooiislst of PbS, a part of this may be 
changed to white PbSO, by boiling with nitrio 
K.5id (PbS -t 8HNO, = PbSO^ -t SiVO, + 4H,0) ; in ; 
this cage all, or a part, of the white PbSO^ will bo 
insoluble in aqua regia ; the reaction for mercury 
with stannous chloride will not be obtained. 
Nevertheless if lead is present some of the pp. pro- 
duced by hydrogen sulphide (i?})S) wiU dissolve in 
the nitrio acid, and lead will he detected in the 
usual way. 


" That this pp. is PbS 04 may be oonfirmed by washing th,e pp., disBolving it 
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B. If salt or the metal to be tested is a solid 
proceed as follows. o 

(i.) Place a vary little of the substance in a test-tube, fill the 
tube to about one-fourth with water, and iSoil. If all dissolves, 
add a little more of the substance, «boil till dissolved^ and use this 
solution as directed under A (p- 258). 

(ii.) If the substance does not dissolve in water, boil ^very 
little with about an eighth of a test-tube|ul of diluie riydro- 
ohloric acid. If aU dissolves, add a little more of the substance, 
and a little more dilute hydrochloric acid ; boil till all is pdis- 
solved, and use this solution as directed undor A (p. 263). 

(iii.) If the substance does ntft dissolve in dilute hydrochloric 
acid, boil a very Uttle with about an eighth of a test-tubeful of 
cone, hydrochloric acid for some minutes, then add water, and 
bod again. If all dissolves, treat a little more of the substance 
in the same way with cone, hydrochloric acid, and then with 
water, and use this solution as directed under A (p. 268). 

Boiling with cono. hydrooblorio aoid converts many metals or salts of 
metals into chlorides ; and these chlorides generally then dissolve on 
adding water. 

(iv.) If the substance does not dissolve by treatment wii^h 
boiling hydrochloric aoid and water, boil a little of it with about 
a quarter of a test-tubeful of cone, hydrochloric acid and about 
one-fourth as much eonc. nitric acid for some minutes; then 
pour the whole into a basin, and evaporate nearly^ hit not quite, 
to dryness ; add about ttoenty drops of cone, hydrochloric acid, 
boil till almost the whole of the acid is removed, tten add’'some " 
water, and use the solution as directed under A (p. 268). 

It is absolutely necessary to remove the nitric acid by 
evaporation, followed by boiling with a Uttle Jvydroohlorio 
aoid, before precipitating the metal in solution by hydrogen 
sulphide {compare Experiment II. of this Lesson, p. 261). 

in hot a'imiioniUTn acetate solution, and addtog ^otoBsivm oliromate solution, 
when yellow PhCrO^ will Toe precipitated. 
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Materials required. — Solutions of a salt of each of the follow- 
ing metals : aluminium, chromium, iron. L few salts of these 
mefals in solution ; also one or two of the metals themselves. 

The metala in this group are non, aluminium, and chromium ; iron 
must be present as a ferric salt. A little HnjOg . aiHjO may be pre- 
cipitated in this group ; but most of the manganese will remain in 
solution. 

Group reagent is ammonia, added to a solution containing ammonium 
chloride and free from hydrogen sulphide. 

The ppa. produced by the group reagent are reOjH,, AlOjHj, and 
CrOjHj ; these pps. vary in colour from white to brownish red. 

Experiment I. — To hecome acquainted with the reachons 
used for detecting a metal of Group III. 

^ To small quantities (about a tenth of a test-tubeful) of solu- 
tions of salts of the following metals, aluminium, chromium, 
and ferric iron, add about an equal volume of ammonium 
chloride solution, and then excess of ammonia solution. Boil 
the contents of the three tubes for a minute or two ; let the pps. 
settle, and then pour off tbp supernatant liquids ; to each pp. 
add 'a little ^ater, boil, allow to settle, and pour off the liquids. 

Collect a portion of each washed pp. on a filter. 

To the remainder of the white, jelly-like, pp. of AIO3H3 
add a good deal of potash solution ; the pp. dissolves , 
(A103lf3-|-KOHAq = KA102Aq-t-2H20) ; to this solution add 
about half a test-tubeful of ammonium chloride solution ; a gela- 
tinous pp. (of’AlOaHa) forms and settles very slowly (KAlOaAq 
-t-NH 4 ClAq-hH 50 =A 103 R 3 +KGlAq-fNH 3 Aq). 

To the remainder of the greenish white pp. of CrOsHs add a 
LITTLE potash solution ; the pp. does not dissolve. Now add 
about half a test-tubeful of potash solution ; the pp. dissolves. 
Boil the liquid ; CrOaHj is gradually re-precipitatigd. 

I 
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To the remainder of the brownish red pp. of FeOgHa add 
potash solution ; the pp. does not dissolve, Pour off the liquid 
from above the pp., and add to the pp. a slight excess of dilute 
hydrochloric acid; the pp. dissolves, ifo this solution add 
potassiim ferrocyanide solution ; et deep blue pp. oFferric ferro- ' 
cyanide (Pntssian blue) is produced in the liquid. 

Make three borax beads on platinum wires.* On to one 
bead take a very little of the pp. of AIO3H3 wllioll "^you 
collected on a filter ; on to another bead take a vbby little of 
the pp. of CrOaHa ; and on to the third bead take a vjmY 
little of the pp. of FeOgHj. Heat the beads fh the outer part 
of a non-luminous Bunsen flame«until everything is thoroughly' 
melted ; then remove the beads from the flame and observe the 
colour of each, when it is hot, and also when it cools. The bead 
into which AlOaHg was melted is colourless ; the bead into which 
CrOsHg was melted is emerald-green both when hob and cold ; 
and that into which FeOgHg was melted is reddish yellow when 
hot, and greenish yellojv when cold. (Sodium-aluminium 
borates, sodium-chromium borates, and sodium-iron borates, 
are formed in these reactions.) 

Synopsis of those Beactions of the Metals of Group III, whioJ% 
are Employed in Detecting one of these Metals. 

( 1 ) White, and gelatinous, and soluble in potash 
solution = AIO3H3 ; the solution in 
potash (which contain^ 1IA102) gives 
a white pp. of AIO3H3 on addition of 
much amnionium chloride solution. 

The pp. gives no colour when dis- 
solved in melted borax. 

( 2 ) Slaty-green, and gelatinous, and insoluble in 
a little potash solution = CeOgHg ; 
the pp. dissolves in much potash solu- 
tion, and is re-precipitaled when this 
solution is foiled for some time. 

When the pp. is dissolved in melted 
borax an ememld-green substance is 
formed. 

1 Made by a small loop on the encl of a piece of platinum wire, dix^ping 

tliia into borai^and. heating until the borax melts and becomes ciuite transparent. 


The pp. 
produced J 
by am- j 
monia is 
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(8) Brownish red, and floccnlent, and insolubla in 
potash solution = FeOgHs ; the pp. 
dissolves in •warm hydrochloric ao^d, 
and this solution gives a deep blue pp. 
witS potassiunn ferrooyanide. 

When the pp. is dissolved in melted 
borax a reddish yellow substance is 
formed, which becomes greenish yellow 
on cooling. 

Before proceeding to make use of the reactions examined in 
Experiment L, and tabulated im the synopsis of reactions, it is 
advisable to become acquainted with certain reactions of ferro^ts 
and ferric compounds which show that a ferric compound must 
be present before the group reagent — ammonia added after 
ammonium chloride— is added to precipitate the metals of 
''Group in. 

Experiment II. — To show that the iron compound in a solu- 
tion to be examined for Grotip III. must be a ferric compound. 

* Make a solution in cold water of a little ferroiis sulphate, 
and to this liquid add a good deal (say half a test-tubeful) of 
ammonium chloride solution, and then excess of ammonia solu- 
tion. A slight, greenish, pp. is produced; and this pp. turns 
bfown where ft is exposed to the air. Throw the pp. on to a 
filter ; the hquid that come# through the filter is muddy, and 
re-filtration does not clear the liquid. Add a feiv drops of cone. 
nitnc acid to the muddy filtrate, and boil as long as any change 
is noticeable in the oolom' of the liquid ; then add excess of 
ammonia solution to the reddish yellow liquid ; the production 
of a bno'wnish red, flocculent, pp. shows that the liquid filtered 
from the pp. produced by adding excess of ammonia to tht, 
solution of ferroMS sulphate contains iron, and that, therefore, 
the whole of the iron in thg solution of ferrows sulphate was not 
precipitated by ammonia added after ammonium chloride. 

Now dissolve a little ferric chloride in water ; add ammonium 
chloride solution, and then excess of ammonia solution ; filter ofl 
the reddish bro'wn, flocculent, pp. of FeOgHg thaif' forms ; to the 


The pp. 
produced j 
by am- ) 
monia is 
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filtrate add a slight excess of hydrochloric acid, and then a solu- 
tion of ‘potassium ferrocywnde. The fact that no blue pp., or 
blue colour, is produced shows that the wi^ole of the iron in the 
ferric compound was precipitated by ammonia added after 
ammonium chloride. ’ 

Experiment III. — To apply the results of the foregoing 
expermients to find otit what metal is preserit in a saliP'wfi'lch is 
known to he a salt of aluminium, chromium, or iron ; or to find 
out which of these metals is the metal given you. ^ ' 

A. If the substance is given in solution proceed 
as follows. If the substance fs a solid see B (p. 261). 

To about quarter a test-tubeful of the solution add aboirt 
twenty drops of cone, nitric acid, and boil for some minutes (any 
ferrojis compounds present are thus oxidised to ferric compounds) ; 
then add a considerable quantity (about quarter a test-tubeful) of 
ammonium ohloride solution ; and then add an excess of am- 
monia solution (until thene is a distinct smeU of ammonia when 
the liquid is thoroughly mixed) ; boil for a few minutes, and 
ooUeot the pp. on a filter. 

Wash the pp. three or four times with hot water. „ 

Observe the colour and appearance of the pp. and proceed to 
examine it according to A, B, or C {below). 

A. The pp. produced by ammgnia is tohite, gelatinous, and 
semi-transparent. To a portion of the washed *pp. in a te^t- 
tube add potash solution ; if theopp. dissolves, and is again 
formed when a considerable quantity of ammonium fililorkirBolu- 
tion is added to this liquid, the pp. is AIO3H3, and, therefore, 
Aluminium is present. 

Confirm, this result by taking a Uttle of the washed pp. 
on a borax bead, and heating in a wo?t-himmoMS,rBunsen 
flame until melted ; the bead remains clear and colourless. 

B. The pp. produced by ammonia is greyish §reen, and gela- 
tinous. To a portion of the washed pp. add a considerable 
quantity (about a test-tubeful) of potash solution ; if the pp. 
dissolves to a greenish hquid, from which the original pp. 
is formed after boiling for some time, the pp. is CrOaHj, and, 
therefore, Chbumium is present. 
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0 on fir in this resulthy heating a little of the washed ,pp. 
on a borax bead in a non-luminous Bunsen flame until tho 
whole melts ; ^he head is coloured emerald-green. 

C. The pp, produced by ammonia is hroumish red, and floccu- 
lent ; it is E6O3H3, and, therdlore, InoN is present. 

Confirm this result hy heating a little of the washed pp. 

, on a borax headin a non-luminous Bunsen flame until tho 
’ wTiole melts i the borax bead is coloured reddish yellow 
when hot, and the colour changes to greenish yellow as 
the bead cools. Also confirm by dissolving a little 
of the washed pp, produced by ammonia in warm dilute 
hydroohlorio acid, potassium ferrocyanida solution 

to this liquid, and getting a deep blue pp. of Prussian 
blue, Fe4[Fe(CN)o]3. 

Noth to Gbodp III. — When iron is found in this group 
i^he original substance should be examined to determine whether 
it contains a ferrowa or a ferric compound. For this purpose, to 
small separate portions of the origihal solution, or to small 
separate portions of the original solid dissolved in water or in 
dilute cold hydroohlorio or sulphuric acid, add (1) potassium 
sulphocyanide solution, (2) potassium ferricyanide solution 
(freshly prepared). 

Potassium sulphocyanide reacts with ferric salts to form deep 
red ferric sulphocyanide [Fe(CNS)3], which remains in solution ; 
no visible chaiTge occurs with ferrous salts. 

J^tassium ferricyanide ifeaots with ferrous salts to form a 
' blue pp. of ferrous ferricyanide ; with ferric salts this reagent 
produces a slight brownish colour. 

B. If the substance to be tested is a solid, pro- 
ceed a^ follows : — 

(i.) Place a very little of the substance in a test-tubo, fill tho 
tube to about One-fourth with loater and boil. If all dissolves, 
add a little more of the substance, boil till dissolved, and use 
this solution as directed under A (p- 260). 

(ii.) If tho substance does not dissolve in water, boil a very 
little with about an eighth of a test-tubeful of dilute hydro- 
chloric acid. If all dissolves, add a little more ot the substance 
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and a little more dilute hydroohlorio acid, boil till all is dissolved, 
and use this solution as directed under A''(p- 260). 

(iii.) If the substance does not dissolve in dilute hydro- 
chloric acid, boil a vcmj little ■with about an eighth of a teat- tube- 
ful of C 0710 . hydrochloric acid for Some minutes, then add water', 
and boil again. If all dissolves, treat a little more of the^ 
substance in the same way with cone, hydcochlorio acid and^then 
with water, and use this .solution as directed under A [p- *^60).’ 

Boiling -with oonc. liydrochlorio acid converts many metals or salts pi 
metals into olilorldes ; and these chlorides generally then dissolve 
on adding water. 

ft . ^ 

(iv.) If the substance does not dissolve by treatment with 
boiling hydrochloric acid and water, boil a little of it with about 
a quarter of a test-tubeful of cone, hydrochloric acid and about 
one-fourth as much cone, nitric acid for some time ; then evapo- 
rate in a basin nearly, but not quite, to dryness; add about 
twenty drops of cone, hydrochlorio acid, boil till most of the 
acid is removed, then add some water, and use the solution 
as directed under A (p. 260). 
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’cfeTfeOTION 01? SINGLE METAL KNOWN TO BELONG TO 
GBOUP IV 

Materials regisirccZ.— Solutions of a salt of each of the 
' following metals : cobalt, manganese, nickel, zinc. A few salts 
of these metals in solution ; also a few solid salts of the metals. 

The mettila in this group are cobalt, nickel, nuinganc^c, and zinc. 

Group reagent is ammonium sulphide, added to an alkaline solution 
containing ammonium chloride. 

The pps. produced by the group reagent aie CoS, NiS, MnS, and ZnS ; 
these pps. vary in colour from white to blaek. 

Experiment I. — To become acquainted tuitli the reactions 
used for detecting a metal of Qrou]} IV, 

„ To small quantities (about a tenth of a test-tubeful) of solu- 
tions of salts of cobalt, nickel, manganese, and zinc, add about 
an equal volume of ammonium chloride solution, then excess of 
ammonia solution, and then six or eight drops (not more) of a 
Solution of ammonium sulphide. Boil the contents of each tube 
for some minutes ; let the ^ips. settle ; pour off the supernatant 
liqWds ; to each pp. add a little water, boil, allow to settle, and 
pour off the liquids. 

Collect a portion of each washed pp. on a filter. 

To the remainder of each pp. add about a tenth of a test- 
tubefvjl of dilute hydrochloric acid, and mix the contents of the 
tubes by sbakmg thoroughly. The buff-coloured pp. of MnS, 
and the whit^ pp. of ZnS, dissolve gradually (the liquids probably 
remain turbid from tbe..qiresenee of a little sulphur in them ; 
MnS -f 2H01Aq = MnOljAq + H-^SAq ; a little H 2 S is oxidised 
with separation of sulphur). The black pps. of CoS and NiS are 
not changed. 

Now boil the solutions of the sulphides 0 ^ manganese and 
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zinc in hydroclilorio acid nntil hydrogen sulphide ceases to be 
given off; then cool the liquids thoroughly, and to each add 
potash solution, drop by drop ; a brownish white pp. (MnOgHa 
rapidly changing in the air to MnjOg.ajHaO) forms in the solu- 
tion of manganese chloride, and a f/hite gelatinous jjp. (ZnOaHj) ' 
in the solution of zinc chloride. Add more potash solution to 
these pps. ; the pp. of ZnO^Ha gradually .dissolves (ZnO^Pj 4- 
(2 -f a;) KOHAq = ZnOjKjAq 4- 2 H 2 O 4- a;,KOHAq), Hbut "the 
pp. of hydrated manganese oxides does not dissolve. 

Turn back to the four pps. you collected on filters. Exanfine 
each pp. by the borax bead test (for details sSe p. 268) ; the 
bead heated with CoS is coloured deep blue ; that heated with’ 
NiS is coloured pinldsh brown ; that heated with MnS is coloured 
amethyst ; and that heated with ZnS remains unooloured. Now 
take a little of the pp. of ZnS on to a loop formed on the end of 
a piece of clean platinum wire ; heat this for a minute or so ; 
then let a drop of cobalt nitrate solution fall on to it, and heat 
again to full redness for ao^ne time ; the solid on the platinum 
wire is coloured green (compounds of oxides of zinc and cobalt 
are produced). 

Synopsis of those Eeactions of the Metals of Group IV. which' 
are Employed in Detecting one of these Metals. 

I (1) Black, and does not dissolve in cold dilute 
hydrochloric acid — Co&or NiS. •- 
(rt) CoS^ gives a blue colour when 
dissolved in melted borax. 

{b) NiS gives a pinldsh trown colour 
when dissolved in melted borax. 
(2) Buff-coloured, and dissolves in cold dilute 
hydrochloric acid = MnS ; thev solu- 
tion in hydrochloric acid, after being 
boiled till hydrogen sulphide is re- 
moved, givfts a brownish white pp. 
with potash solution, and this pp. does 
not dissolve whep more potash solution 
is added. The pp. gives an amethyst 
colour when dissolved in melted borax. 


The pp. pro- 
, duoed by 
ammonium 
sulphide is 
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(8) White (appearing yellowish in the yellow 
liquid), and dissolves in cold dilute 
hydrochloric acid = ZnS ; the solution 
in hydrochloric acid, after being boiled 
tillliydrogen sulphide is removed, gives 
a white pp. mth a httlc potash solu- 
tion, and this pp, dissolves in much 
potash solution. The pp. gives no 
colour when dissolved in molted borax ; 
but it is coloured green when it is 
heated, thou moistened with cobalt 
nitrate solution, and again heated 
strongly. 

Experiment II. — To apply the results of the foregoing ex- 
periments to find out what metal is present in a salt which is 
Icnoxun to be a salt of cobalt, manganese, nickel, or zinc ; or to 
find out which of these metals is the netal given you. 

A. If the substance is given in solution proceed 
as follows. If the substance is a solid see B (p- 266). 

" To about quarter a test-tubeful of the solution add a little 
ammo7viuni chloride solution, then excess of ammonia solution, 
and then add aboxet texi drops of ammonium sxdpMde, boil for 
fwe minuto .or so (boiling makes the pp. grannlaV, and also 
removes excess of ammouiu;^ sulphide wherein NiS is slightly 
, solufeie), and then collect the pp. on a filter. 

Wash the pp. three or four times with warm water. 

Observe the colour aud appearance of the pp. and proceed to 
examine it according to A, B, or 0 {below). 

A. ^he pp. is black. Transfer a portioxi of the washed pp. 
to a test-tube, fill the test-tube to about one-sixth with dihite 
* hydrochloric axid, and shake for a few minutes, without warm- 
- ing ; if the pp, does not J^solve it is CoS or NiS. Heat a little 
of the washed pp. on a borax head in a non-luminous Bunsen 
flame until the whole melts. 

If the bead is coloured deep blue the pp. was CoS, and, 
therefore. Cobalt is present. 


/ 


The pp. pro- 
* duood by 
anjjjppljium \ 
sulphide is 
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If tlie bead is coloured pinkisb. brown tbe pp. was NiS, and, 
therefore, NiokeXi is present. o 
B. The pp. produced by ammonium sulphide is huff- coloured. 
Shake a portion of tbe washed pp. with dilute hydrochloric acid, 
without warming ; if the pp. disb^jlves (a little whfitish sulphur 
win probably be formed), boil the solution imtil every trace of, 
hydrogen sulphide is removed, then cooi the liquid, and add 
potash solution to it ; if a brownish white pp. is fornied'^which 
does not dissolve in more potash solution, this pp. is Mn 203 . aiHaO, 
and, therefore, MAwaANESE is present. , <■ 

Confirm this result by heating a little of the washed 
pp. produced by ammoniilm sulphide on a borax bead in 
a non-luminous Brmsen flame till the whole melts ; tbe 
bead is coloured reddish violet. 

0. The pp. produced by ammonium sulphide is white ; it will 
appear yellowish as the liquid is coloured yeUow by ammonium^ 
sulphide. Shake a portion of the washed pp. with dihite hydro- 
chloric aoid, without wayming; if the pp. dissolves (a little 
whitish sulphur will probably be formed), boil the solution until 
every trace of hydrogen sulphide is e.vpelled, then cool the liquid, 
and to the cold liquid add potash solution, drop by drop ; if^a 
white, gelatinous, semi-transparent, pp. is produced, and this pp. 
dissolves when a good deal of potash solution is added, this pp. 
is ZnOjHj, and, therefore, Zinc is present. 

Confirm this result by heatmg a h’tWeof'the washed p|). 
produced by ammonium sulphide on a borax head in a non- 
luminous Bunsen flame until the whole mej,ts ; the”1Bead 
remains colourless. Also confirm by heating a httle of 
tbe pp. produced by ammonium sulphide on platinum 
whe, then moistening with a drop of cobalt nitrate solu- 
tion, and again heating strongly for some minutes ; the 
soHd on the wire is coloured green. i 

B. If the substance ,to be tested is ''a solid pro- 
ceed as follows ; — 

(i.) Place a very little of the substance in a test-tube, fiU the 
tube to about one-fourth with water, andrboil. If aU dissolves, 
add a little more of the substance, boil till dissolved, and use this 
solution as dirq^ted under A (p. 265). 
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(ii.) If the substance does not dissolve in water, boil a vary 
little mtli about an eighth of a test-tubeful of dilute hydrochloric 
acid. If all dissolve.^, add a little more of the substance and a 
little more dilute hydrochloric acid, boil till all is dissolved, and 
use this solution as directed iJnder A (p. 266). 

(hi.) If the substance does not dissolve in dilute hydrochloric 
acid, Jboil a very littlo^^\vith. about one-eighth of a test-tubeful of 
bo7iS,''h^drochlorio Mcid for some minutes, then add water, and 
boh again. If all dissolves, treat a little wore of the substance 
in ihe same way with cone, hydrochloric acid, and then with 
water, and use'this solution as directed imder A (p. 266). 

Boiling with eono. hydroohlorio’aoid oonverts many metals or salts of 
metals into chlorides ; and those chlorides generally then dissolve on 
adding water. 

(iv.) If the substance does not dissolve by treatment with 
, boiling hydrochloric acid and water, boil a little of it vvith about 
a quarter of a test-tubeful of cone, hydrochloric acid and about 
one-fourth as much cone, nitric aevi for some minutes; pour 
the whole into a basin, and evaporate, nearly, but not quite, to 
dryness ; add about twenty drops of cone, hydrochloric acid, boil 
till most of the acid is removed, then add some water, and use 
this solution as directed under A (p. 266). 
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LESSON XLVII 

BKTECTION OF A BmOLB METAL KNOWN ^TO BELON& 

GROUP V 

r 

Matorials reqtiired . — Solutions of a salt of Gach of the foj.- 
lowing metals ; barium, calcium.fund strontium. A few salts of 
those metals, some solid and some in solution. 

The metals in this group are barium, strontium, and calcium. 

Group reagent is ammoninm carbonate, added to an alkaline solution 
containing ammonium chloride. 

The pps. produced by the group reagent are BaOOj, SrCO„ and 
OaCOj ; these pps. are white. 

Experiment I . — To hico'ma acqxiainted with the remtkms 
used for detecting a metal of Grouq> V. 

To small quantities (about a tenth of a test-tubeful) of sohy 
tions of salts of barium, calcium, and strontium, add a little 
ammonium chloride solution, then a slight excess of ammonia 
solution, and then ammonium carbonate solution. Boil the 
contents of each tube ; let the pps. settle ; pour *>ff the super- 
natant liquids ; to each pp. add a ^little water, boil, allow to 
settle, and pour oft' the hquids. ^ 

Collect a portion of each washed pp. on a filter. 

To the remainder of each pp. add acetic acid solution ; the 
pps. dissolve with effervescenee {GO^ is given off). To a little 
of each solution in acetic acid add a solution of potq,ssmm 
chromate-, a yeUow pp. forms in the tube containing barium 
acetate ; the other liquids remain clear. DUute i!he remainder 
of the solutions of the three carbonateg in acetic acid with about 
their own bulk of water, and then add to each about eight or ten 
drops of VERY dilute sulphuric arid ; whije barium sulphate is 
at once precipitated from the solution of barium acetate ; the 
solutions containing calcium and strontium acetates remain clear. 
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Now boil these two solutions ; white strontium sulphate -is 
gradually precipitated, jbut no pp. forms in the tube containing 
the calcium salt mij^ed with a little sulpbrnuo acid. (These 
reactions are based on the different solubilities in very dilute 
sulphm’io acid of the sulpUates of barium, strontium, and 
, calcium.) 

Nqw clean a piece of platinum wire ; ' see that no tinge of 
c'olouf is’ imparted to a non-luminous flame by the wire. Taira 
a small quantity of the washed pp. of barium carbonate from 
thuofilter on which it has been collected (see above) on to the 
wire and bring it into the noii-luminous flame ; the flame is 
coloured grass-green. Bxaminfe the other pps. in the same way 
(cleaning the wire thoroughly each time) ; the strontium salt 
imparts a crimson colour (appearing rose-purple through blue 
glass), and the calcium salt a yellowish red colour (appearing 
_^gre6n-grey through blue glass), to the flame. 

Synopsis of those Reactions of the iffatals of Group F. whioh 
are Employed in Detecting one of these Metals, 

The pp. produced by ammonium carbonate is white, and 
dissolves in acetic acid. A solution in acetic acid of a salt of 
barium gives a yellow pp. (BaCrO,) with potassium chromate 
solution ; a solution in acetic acid of a salt of strontium or of 
calcium gives no pp. with potassium chromate. 

’ When a dRmte sohition of a salt of strontium is boiled with a 
%'cr^_little dihite sulplmrio^tacid, white strontium sulphate is 
gradually precipitated ; when dilute sulphuric acid is added to a 
solution of a salt of barium, a white pp. of barium sulphate is 
produced at once, and without boiling ; when a dilute solution of 
a salt of calcium is boiled with a very little dilute sulphuric acid,^ 
no pp. is produced. 

. A solid compound of barium gives a grass-green colour to a 
non-luminous Iflame in whioh it is volatilised ; a solid compound 
of strontium gives a orimscn colour, appearing rose-purple when 

1 The wire Bhould bo scraped with a clean Iniifej then dipped into oonc. 
hydroolilorio acid in a test-tube, and then heated, in the flame, Dipping into the 
acid, and heating, must bo repeated until not a trace of colour is imparted to the 
flame. 
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looked at through a piece of blue glass, and a solid compound of 
calcium gives a yellowish red colom’, appearing greenish grey 
through a blue glass, to a non-luminous flajne. 

Experiment 11 . — To apply tlie foregoing reactiots to find, out' 
what metal is present in a salt which is hioion to he a salt of 
barium, calcium, or strontium, ^ 

A.. If the substance is given in aolntion proceed 
as follows. If the substance is a solid see B (p. 271). 

To about quarter a test-tubeful of the solution add a little 
ammonium chloride solution, then a slight excess of ammonia 
solution, and then ammonium ’Oa/rbonate solution, boil for a 
minute or so, and than collect the pp. on a filter. 

Wash the pp. three or four times with hot water. 

Transfer about three-fourtbs of the washed pp. to a test-tube 
and dissolve it in as little acetic acid as possible. ^ 

(1) To one portion of the solution of the pp. in acetic acid 
add potassium chromate ^lution, and warm ; a yellow pp. is 
BaCrO.i, and, therefore, Babium is present. 

Confirm this result by placing a little of the washed 
pp. produced by ammonium carbonate on a piece of clean 
platinum wire, moistening with cone, hydrochloric acid, 
and bringing the moistened substance into a non-luminous 
Bunsen flame ; after a short time the flame will be coloured 
grass-green. »■ *' 

iilso confirm the presenccrof barium by addin^di- 
lute sulphuric acid to another portion of tl^e solution in 
acetic acid of the pp. produced by ammonium carbonate, 
and getting a white pp. of BaS 04 tuhioh forms immedi- 
ately. 

(2) If barium is absent, to another portion of the solution 
in acetic acid of the pp. produced by ammonium carbonate 
add about an equal bulk of water and then ten of twelve drops 
(not more) of dilute sulphuric acid, and boil for a few minutes ; 
a white pp., forming gradually, is SrS 04 , and, therefore, Steon- 
TiuM is present. If no pp. forms on boiling see (8). 

Confirm this rcSMZ f by trying the jdawe test with a little 
of the washed pp. after moistening with co»c. hydrochloric 
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acid (see under (1)) ; the flame is coloured crimson, and 
viewed through a blue glass the oolour is purplish rose! 

(3) If neither barium nor strontium is ‘present, examine the 
washed pp. produced 3y ammonium carbonate by the flame test 
(see under (ly, p. 270) ; if thesflame is coloured red, appearing 
greeni.sh grey when loolced at through a blue glass, Oaloium 
IS present. , 

. 0 ^ 

B. If the subs''tance to be tested is a solid proceed 
as follows : — 

(i.) Place a very little of the substance in a test tube, fill the 
tube to about one-fourth with wetter and boil. If aU dissolves, 
add a little more of the substance, boil till dissolved, and use this 
solution as directed under A (p. 270). 

(ii.) If the substance does not dissolve in water, boil a very 
little with about an eighth of a test-tubeful of dilute hydrochloric 
jLoid. If aU dissolves, add a little more of the substance and a 
little more dilute hydrochloric acid, boil till all is dissolved, and 
use this solution as directed under A tp. 270). 

(iii.) If the substance does not dissolve in dilute hydrochloric 
acid, boil a very little with about an eighth of a test-tubeful of 
colic, hydrochloric acid for some minutes, then add water, and 
boil,again. If all dissolves, treat a little more of the substance 
in the same way with cone, hydrochloric acid and then with 
water, and use^^the solution as directed under A (p. 270). 

Boiling with cono. hydroolilono aoid converts many luotals or salts of 

«E«ietals into chlorides ; and these chlorides generally then dissolve 
on adding water. 

(iv.) If the substance docs not dissolve by treatment with 
boiling hydrochloric acid and water, boil a little of it with about 
a qnartgr of a test-tubeful of cone, hydr-ochlorio acid and about 
one-fourth as much cone, nitric acid for some minutes ; pour 
the whole intc» a basin, and evaporate, nearly, hut not quite, to 
dryness; add about twenty flrops of cone, hydrochloric acid, boil 
till most of the acid is removed, then add some water, and use 
the solution as directed^ under A (p- 270). 
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LESSON XLVIII^ 

DBTEOTION OP A atNQLB METAi KNOWN TO BELONG TO 
GEOUP VI 

Materials required . — Solutions of a salt of each of the follow- 
ing metals ; ammonium, magnesium, potassium, and sodiuin. 

A few salts of these metals, some solid and some in solution. 

There is no grouj} reagent for the metals in this group ; the metals are 
magnesium,' potaasium, sodium, and armiionium. 

Experiment I . — To become acquainted with the reaction^ 
used for detecting a metal of Group VI. 

To a small quantity of a compound of ammonium add a 
little potash solution and boil ; ammonia is given off, recognised 
by its smell, and its turning to blue the colour of red litmus 
paper held in the steam issuing from the tube. Boil a small 
quantity of an ammonium compound with a little cone, hydro- 
chloric acid for a minute or two, and then add some platinic 
chloride solution; a yeUow-red crystalline pp. ((i5rHj)2PtClg)<is 
formed, and this pp. is insoluble ip alcohol. Heat a very little 
of an ammonium compound on a crucible Ud to full redneST] the » 
compound is volatilised and disappears. 

Boil a small quantity of a compomid of potassium with a 
^ little cone, hydrochloric acid for a minute or two (the compound 
is thus changed to chloride of potassium), and then add sc|pi6 pla- 
tinic chloride solution ; a yeUow-red crystalline pp. (KgPtCle) is 
formed, and this pp. is insoluble in alcohol. To n cone, aqueous 
solution of a compound of potassimja add sodium-hydrogen tar- 
trate solution, and shake ; a white, crystalline pp. (KIIO4H4O5) 
is formed. Heat a little of a potassium compound to full redness 

^ Li the experiments on the grouping of the metals [Lesaon XLI.) magnesium 
is placed in a groiy? by itself. 
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on a crucible lid ; the compound does not disappear. Take a 
veoij little of a comppund of potassium on to a piece of clean 
plathmm wire (see note, p. 269), and bring it into a no7i-lunimous 
Bunsen flame; the fl^me is coloured lavender-violet; look at this 
flame through a t/iicfc piece of Mm glass — you see that the colour 
appears purple-violet. Bring a very little of a compound of 
’’sodium into a noji-lumfnoiis flame ; the flame is coloured intense 
yellow, look at thi^ flame through a f/iicfc piece of blue glass, 
and you notice that scarcely any colour is to be seen.* To a 
little of an aqueous solution of a sodium compound add poiassijwa 
pyroantimonate ’solution ; a white, ci’ystalline pp. (Na 2 H 2 Sb 207 ) 
forms gradually. > 

To two small quantities of an aqueous solution of a mag- 
nesium compound add (i.) ammonia solution; (ii.) ammonium 
carbonate solution ; in each case a white pp. is produced (the 
pp. by ammonia is MgOaHj, the pp. produced by ammonium 
’carbonate is MgCOj.aiHnO, or it may be 'MgC 03 .(NH,j) 5 C 03 .!);H 20 ). 
Let the pps. settle, pour off the supernatant liquids, and add 
to each pp. a solution of amnionmm chloride ; both pps. dissolve 
(Mg0l2.2NH4Cl is formed and goes into solution). To a third 
small quantity of an aqueous solution of a magnesium compoimd 
a3d about its own bulk of a solution of avmwnium chloride, and 
then a slight excess of ammonia ; no pp. is formed ; now add 
sodium phosphate solution, and shake ; a white, crystalline pp. 
(aigNH^PO^)^ rms gradually. 

Syi^sis of those Beaction^of the Metals of Group YI. which 
are Mmploycd in Detecting one of these Metals. 

Ammonia is given off when a compound of ammonium is 
boiled with potash solution. Ammonium compounds after being 
boiled with hydrochloric acid give a yellowish red crystalline pp. = 
((NH.03PtCl6) with platinum tetrachloride, insoluble in alcohol. 
Ammonium compounds are readily volatilised. 

Sodium compounds colour a non-luminous flame deep yellmo, 
and the colour almost disappears when the flame is looked at 
through a bine glass. 

1 Thouon-lummous flamS of a Bunaen limip should lie observed through the 
blue glass ; the flame appears slightly violet, but the colour is uot so red-violot 
as that of a flame in which a compound of potasBium ia volat^iaed. 
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Sodium compounds in aqueous solution give a white crystal- 
line pp. (lfa2H2Sb207) mth 2}otassium pi/nvantimonate solution. 

Potassium compounds colour a non-luininous flame lavanclar- 
violet, and the colour appears purpla-violei when the flame is 
looked at through a thick piece ofbkio glass. 

Potassium compounds after being boiled with cone. hydro-_^ 
chloric acid give a yellow-red crystalline pp. (K2PtCl0) plati- 
num tetrachloride ; the pp. is insoluble in a^,aohol. 

Potassium compounds in cone, aqueous solution give a white * 
crystaUina pp. (KH.C4H4O0) with solution of sodiim-hydmgen 
tartrate. 

Magnesium compounds in scfiution give a white granular pp. 
(of MgNH4P04) with sodium phosphate ■, this pp. forms slowly; 
it is insoluble in ammonium chloride solution. 

Experiment II. — To appily the foregoing reactions to find out 
u'hat metal is present in a salt which is known to he a salt of 
magnesium, potassium, sodium, or ammonium. 

Dissolve some of the salt in water, or in dilute 
hydrochloric acid. 

(1) To a portion of the solution add about quarter a tegt- 

tubeful of ammonmm chloride solution, then a slight excess of 
ammonia solution, and then some sodium phosphate solution^and 
shake vigorously for a little time. If a white granular pp. forms 
gradually this pp. is ]lIgNH4P04, and, therefore, ‘-MAGHBBiuMcis 
present. „ 

( 2 ) To another portion of the solution add potassiuiiTpgro- 
antimonate solution, and shake; if a white crystalline pp. is 
produced this pp. is sodium pyroantimonate (NaaHjSbjOY), and, 
therefore. Sodium is present. 

Confirm this result by bringing a little oi thenriginal 
solid, or of the solution boiled down nearly to dryness, 
supported on a piece of clean platinum wire, into a non- 
luminous flame ; the flame is coloured deep yellow, and 
the colour disappears, except a faint violet (see note, p. 
278 ), when the flame is looked at, through a thick piece 
of blue glass. 

( 8 ) Concen^-ate another portion of the solution till its bulk 
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does not exceed a few c.o., and then add to it a solntion, of 
soclium-hijclrogcn tArtt-jia, and shake ; if a white crystalline pp. 
forms this pp. is potaa^sium-hydrogon tartrate (KH. 04 H,j 0 (j), and, 
therefore, Potassium is present. 

Gonfir’in this restolfhy bringing a little of the original 
solid, or of the solution boiled down nearly to dryness, 
.supported on a^piece of dean platinum wire, into a non- 
’ * luminous flame ; the flame is coloured la vender- violet, 
and the colour looks purple-violet when the flame is 
looked atjthrough a thick piece of blue glass. 

Also confirm the result by boiling alittle of the solu- 
'tion with cone, hydrochloric acid, then adding 
chloride solution and alcohol-, a yellow-red crystalline 
pp. (KaPtOb,) is produced. 

Note, — When this confirmatory test with platinic chloride for 
potassium has to be applied to a solution that is being examined 
for all the yrotips, some of the filtrate from Group V. must be 
evaporated to dryness, and the rosiduei must be heated strongly 
(best in a platinum capsule] until volatilisation ceases ; the solid 
that is left must be boiled mth cone, hydrochloric acid, and 
platinic chloride solution and alcohol must be added to tins 
liquid. [Ammonium compounds give a yellow-red pp. with 
Pt01,,Aq ; these compounds are volatilised by heat.] 

(4) Boil some of tho solution, or of the original solid, with a 
little potash scfliutiou ; if ammonia is given off, recognised by its 
smell and by its turning blu^a piece of red litmus paper held in 
’ the steam ooiping from the tube, Ammonium is present. 
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LESSON XLIX 

DETECTION OP METALS WHEN NOT MORE THAN A SIN&LE 
METAL IS PRESENT IN ANY ONE GEODP 

r 

The principles of the method have been illustrated very fully in 
the preceding lessons of this seotion. * 

It is necessary first to find the groups to which the metals 
belong ; and then to examine each group pp. in order to discover 
the individual metal contained therein. 

As the original substance is a mixture the confirmatory tests 
for this or that metal cannot he applied to that substance, excepii 
in a very few oases. The, confirmatory tests must be applied to 
the group ppa., or to solutions of these pps., after the pps. have 
been coUeoted on filters and washed free from the liquids which 
adhere to them, which liquids contain salts of metals other than 
that one metal it is desired to detect in each group pp. 

The following directions are apphcable to mixtures of the 
commoner metals, and to mixtures of salts of such metals, pro- 
vided that the mixtures do not contain more than a single metal 
in any one group. Mixtures the cfmstituents of which ajg^uch 
that the reactions of some are greatly modified by the presence 
of others are not considered here. 

Substances which are insoluble in water, hydrochloric acid, 
and aqua regia, are not dealt with in these directions ; for the 
qualitative analysis of Insoluble Substanobs see tM end of 
this Lesson (p. 286). 

A. THE SUBSTANCE TO BE ANALYSED IS A 
SOLUTION 

Add the group reagents, and examine the pps. produced, 
by following sjarefully the directions given in the preceding 
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lessons. Consult ike references and the notes on p. 282 un^er 
the heading Examinaiion of the Solution, for Metals. 

B. THE SUBSTANCE TO BE ANALYSED 
^ IS A’ SOLID 

The first thing to be done is to dissolve the substance. 

, 3?^ preparation of a sohotioii mmt he conducterl in a 
methodical manner!' 

Most olilorides, almost all normal nitrates, and many other salts, are 

^ soluble in water. Many salts, and metals, are converted into chlorides 
by boihng with diluted, or with concentrated, hydroelilorio aoid ; and 
most of the chlorides so produced dissolve when water is added. 
Aqua regia, (a mixture of oono. hydi’ochlorio and nitric acids) con- 
verts most metals, and salts, into chlorides, and the salts generally 
dissolve when water is added. 

I. Boil a VEm little of the substance, in fine powder, with 
a little water in a test-tube. 

If all dissolves add a little nupre of the substance, and 
boil till dissolved, adding more water if necessary. 

Examine the solution as directed under the lieading Exami- 
N,^TION OP THE SOLUTION, FOB MeTALS (p. 282). 

If all does not dissolve proceed to II. 

'll, If the substance does not altogether dissolve m ivater, 
boil a VERY LITTLE of it with a little diluted hydrochloric acid 
for some minitfces, or as long as a visible reaction proceeds. 

Ji^all does not dissolve proceed to III. (p. 278). 

If all dissolves add a little more of the substance, and 
boil till dissolved, adding a little more diluted bydrocbloric acid 
if necessary ; then add about haU a test-tubeful of water and 
allow to cool. • 

Tbfee cases now present themselves : — 

A. A white crystalline pp. forms lohich soon settles to the 
bottom*of the tube. This pp. is almost certainly PbClj.^ 
In this case collect thA pp. on a filter. 

^ Lead oliloride is slightly solnhle in hot dilute liydroclilorlc acid, hut it is 
considerably less soluble in the same acid ■when cold j if a small quantity of a 
lead salt is present in the original substanco, the lead clilonde that is formed by 
boiling the original with dilute hydrochloric acid will go into solution ; but tho 
greater part of this lead chloride will precipitate ua tlio soliJtion cools 
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Set aside the filtrate for examination for Q-ronps II. and 
onwards. See references and notes on p. 282 under the 
heading Ex.^mination of the So:^ution, foe, Metals. 

Wash the pp. on the filter twice with mnj small qiiantities 
of GOLD loater, then remo\^ it to a test-tube, add ^oate7\ 
and boil. If the pp. dissolves in boiling water, and this, 
solution gives a yellow pp. with potassimn ohvomate 
solution. Lead is present. [Compare synopsis cS re- 
actions of metals of Qroup I. (p. 245), and directions for 
applying these reactions (p. 246).] , 

B. A white amorphous pp. forms which does not settle 
qisieUy. This pp. is alifiost certainly an oxychloride of 
antimony or of bismuth * ; in this case the pp. will dis- 
solve if the liquid is heated, and antimony or bismuth 
will be found in its proper place in Group II. 

Proceed to the examination of this liquid for Groups II. 
and onwards. See references and notes on p. 282 under 
the heading Examination of the Solution, foe 
Metals. 

C. No pp. forms. In this case there is almost certainly no 

metal of Givup I. in the original substance, except 
possibly a very little lead ; (lead chloride is not quite 
insoluble in dilute cold hydrochloric acid). If any iead 
is present it will be found in Group II. Neither antimony 
nor bismuth is likely to be present. " *■ 

Proceed to the examination of this liquid for Groups II. and 
onwards. See references and notes on p. 2^2 undmTthe 
heading Examination of the Solution, fob Metals. 

ni. If the siihstanee does not altogether dissolve in diluted 
' hydrochlorio aaid, boh about the quantity indicated in fig. 
87 (see footnote) ^ with about a fourth of a test-tubeful of 

' The solution of a salt of antimony, or a salt of bismuth, i£ hydrochloric aoid 
will contain antimony chloride, or bismuth ohljiride ; these salts react with water 
to form oxychlorides which ore insoluhle iii very dilute hydrochlono acid. 
[BiOl^ in w HOlAq -t (1 -1 yjHsO =BiOGl -t (a + a)HGlAq -ij/HjO ; SbClj in a HClAq 
H (H-j/jHaO-SbOCH (a;-r2) HClAq-h'y HaO.] 

* The quantity indicated m flg. S7 is about the proper quantity of substanoo 
to lisa for dissolving in aoid. The figure ropreseiita the closed end of a test-tube, 
on the actual aoalo, j-ith a powdered eolid hi it. 
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conccntratad hydrochloric acid for some minutes, or as long as a 
visible reaction proceeis [if the original is a metal, or a mixture 
of metals, a considerable time may be required, and 
it may be necessary to add a second dose of acid] ; 
then add allout an equal hJillc of water, and boil 
again for a few minutes. 

metals, and salts of metals, are changed to chlo- 
rides by boiling ■with cone, hydrochloric aoid; some 
chlorides are insoluble in oonc. hydrochloric acid, but 
most dissolve when water is added. 

If all does not dfssoinc proceed to IV. 

If all dissolves allow tc cool, aud then add a little more 
• water ; three cases present themselves ; — 

A. A white orijstallina pp., which soon settles, forms in the 
cooling liquid. This pp. is almost certainly PbCla. Pro- 
ceed as directed under 11. A, p. 277. 

B. A white amorphous pp., which settles very sloiuly, forms. 
This pp. is almost certainly S|)OCl or BiOCl. Proceed as 
directed under 11. B, p. 278. 

C. No pp. forms, even when the liquid is cold. See U. C, 
p. 278, and proceed as directed there. 

IV, If the suhstanoe does not altogether dissolve m cojio. 
boiling hydrochloric acid followed by boiling with water, place 
gbont the quantity indicated in fig. 37 {see footnote'^, p. 278) in 
a small basin, add about a fourth of a test-tubeful of cone, hydro- 
chlpjiio acid and about onc^third as much cone, nitric acid, and 
boil until mast but not quite all of the acid is removed. (See 
note, p, 281). 

If the original is a metal, or a mixture of metals, a second, 
and possibly a third, dose of acid may have to be added 
•to complete the decomposition of the original substance. 

Now add |o tbe contents of the basin about half a test-tube- 
ful of icater, boil again for a few minutes, aud pour the hot 
liquid through a filter ; wash the solid on the filter (if there is 
any) once with boiling water, and add the washings to the filtrate. 

All the commoner rhetals, except antimony and tin, and most salts, 
are changed to ehloridos by boiling with o/jiKi regia-, aud the 
chlorides that are produced (except silver ohlwide) dissolve when 
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water is added and the liquid ia boiled. When antimony is boiled 
' wltli aqua regia white antuuonio oxide^ SbjO, (sometimes mixed 
with a little SbjO,), ia formed ; and when tin is boiled with aqna 
regia white stannic oxide, SnOj, is produced ; these oxides are in- 
soluble in Bolutions of acids. 

(I. _ 

There may noiu be two thiiigs to be exammed : the white 
solid left on the filter, ami the filtrate which has run through ' 
the filter. We shall examine the white solid, and then e the 
filtrate. For examination of the filtrate see p. 281. 

r 

Examinatioh of the White Solid produced,, by boiling ''the 
original substance with aqua regia. r 

It is only when the original is a metal or a mixture of 
metals that there may be a white solid to be examined 
here; the solid must be either antimonic or stannic oxide.^ 
Eemove some of the solid to a test-tube, add water, boil, let 
the sohd settle, and pour off as much of the supernatant liquid ( 
as you can ; repeat this washing process with boiling water 
until the liquid poured off does not redden litmus paper. 

As this washing p-ocess takes some time, because the solid 
settles sloiuly, it is advisable to proceed with the examina- 
tion of the liquid filtered from the solid (see p. 281) whilb 
the washing of the solid is being conducted. 

Now pour on to the washed solid about quarter a teat-tubelul 
of a cono. solution of potassium-hydrogen tartrate, boil for threg 
or four miuutes, filter (if necessary), and pass hydrogen sulphide 
into the filtrate until the liquid smellstif the gas. If an oi’ange-j:pd 
pp. forms, this pp. is Sb 2 Sj, and, therefore, Antimony is present. 
Antimonic oxide dissolves gradually in a hot solution of potassium- 
hydrogen tartrate ; the solution contains tartar emetic, and gives a 
pp. of SbjSj with hydrogen sulphide. Stannic oxide ia not changed 
by heating it with a solution of potassium-hydrogen tartrate. ^ If the 
solid obtained by beating the original metal, or mixture of metals, 
with aqua regia is not washed thoroughly, the liqpid obtained by 
heating this solid with potassinm-hydrogen tartrate solution may 
contain some other metals besides fratimony, and the presence of 
these other metals may modify the pp. produced by hydrogen 
sulphide. 

r 

If antimony is not fownd the white sohd is stannic oxide. 

^ The possibility of tliia white solid being silver diloride is not considered here. 
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To confirm this conclusion transfer the washed solid to 
a basin, add abwut half a test-tubeful of cone, hydrochloric 
acid and sonjie cop'^cr turnings, and boil for at least five 
minutes ; then add a little water, allow the solid to settle, 
pour the liquid through a filter, and to the filtrate add 
a solution of mercuric chloride. If a white pp. foms this 
pp. is HgCl ; ii? a greyish black pp. forms this pp. is HgOl 
® mixed with 3g ; in either case Tin is present. 

The reactions which occur in this confirmatory tost may be represented 
by the following equations : — (i.) SnO„ + (4 + a:) HOIAq + Ou =- SnCl., in 
aiHClAq + OuCL, in x HClAq -H 2H.0 

r (ii.) SnOlj in tcHOIAq + 2Hg(jl;Aq = SnOl, in a;H01Aq + 2HgCl 1 
1 (iii.) 2HgCl + SnCL in ffiHClAq = SnCl, in aiHClAq + 2Hg. J 

ExAMrNATioN OF THE FiLTBATE froui the Bofid produced by 
boiling the original substance with aqua regia. 

This liquid contains nitric acid, wiiich must bo removed before the 
reaction of the liquid with hydrogen sulphide is examined ; because 
nitric acid and hydrogen sulphide decompose one another (see 
Lessen XLI7., Experiment II., p. 2ol). 

Place the liquid in a basin, and evaporate over a low flame 
until not more than about one-eighth of a test-tuheful of liquid 
remains ; then add about as much cone, hydroohlorie acid as the 
huiji of liquid in the basin, and evaporate nearly, hut not quite, 
to dryness ; now add about half a test-tubeful of water, heat, 
pour the hot liquid into a test-tube, and let it cool. 

The nitrio acid is destroyed by tliis treatment : — HN OjAq + (3 + x) HClAq 
o T.^2H.O + A^OCi + 2Cf + aiHC!Aq. 

Three eases now present themselves. 

A. A white crystallme pp., which soon settles, forms in the 
coolmg liquid. This pp. is almost certainly PbClg. Pro- 

^ceed as directed under II. A, p. 277. 

B. A white amorphous pp. forms which does not settle quickly. 
This pp. is almost certainly SbOCl or BiOCl. Proceed as 
directed under II. P- 278. 

C. No pp. forms, even when the liquid is cold. See II. 0, 
p. 278, and proceed as directed there. 

Note. — If the substance given for analysis is insoluble in 
water, hydrochloric acid, and aqua regia, it must be treated as an 
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iNSOijUBtB Substance, and examined by the directions given at 
tlia end of this Lesson (p. 286). a 

EXAMINATION OP THE SOLUTION, FOE METALS 

f, '' 

You will now have obtained a solution of the substance under 
examination. ^ 

If the substance did not dissolve in water you wilt»have 
obtained evidence of the presence or absence of lead ; and pro- 
bably also of the presence or absence of aritimony or bismuth. '• 
If the original was a metal, or a mixtm-e of 'metals, you wiU 
have found whether antimony, oij tin, is present or absent. ' 

You must now add the group reagents in order, and examine 
the pps. produced, by following omofully the directions given in 
preceding Lessons. 

For Oroup I. oonault Lesson XLIII., Expmment II., A ; p. 245. 

For Group II. „ „ XLIV., „ IV., A ; p. 258. 

Voe Group III. „ „ ^ XLV., „ III., A-, p. 260. 

¥ov Group IV. „ „ XLVI., „ II., A ; p. 266. 

For Group V. „ „ XLVII., „ II., A ; p. 270. 

'Sor Group VI. „ „ XL VIII., „ II.; p. 274. 

The following points must be noted carefully : 

(i.) The filtrate from a group pp. is the liquid to whichdihe 
reagents that precipitate the next group must be added. 

(ii.) Every pp. must be washed several times— *hot water may 
generally bo used — before its behaviour towards reagents is 
examined. 

The reason lor this has been stated ; the student should make quite 
certain he understands the reason. 

(iii.) The volume of liquid to which the group reagents for 
any group are added should not be more than, say, three-q^iarters 
of a teat-tubeful. If the filtrate from any group pp. amounts to 
more than this, do not throw away part of it, Uht concentrate 
the liquid by evaporation in a basin, r 

(iv.) As lead, if present, vdll be found both in Group I. and 
Group II., when lead has been found ip Group I. the pp. in 
Group II. should be tested not only for lead, but also for one 
other metal. 
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When the student has become familiar with the detailed 
directions given in Lessons XLIII, to XLVIII. for obtaining 
and examining the Tjarious group pps. he may find the table 
intercalated between pp. 282 and 288 useful as a guide. 

If this talDle is to be useS successfully a great deal of detail 
,must be supplied by the student himself. The table is to be 
regarded merely as of general guide to those who have a fair 
work&g aoguaintance with the methods summarised therein. 


.SYNOPSIS OP METHODS POE PEEPAEING A 
SOEUTIOH TO BE E:£4.M1NED POE METALS 

I. Boil a little with water ; if aU dissolves add group re- 
agents. 

II. If all does not dissolve in water, boU a little with dilute 

hydroohlorio acid ; if all dissolves add water, boU, and let 
cool : — ’ 

(i.) If white crystalline pp. forma examine this for PbClg, and 
filtrate for Groups II, and onwards ; 

(ii.) If white amorphous pp. forms, warm again ; if pp. dis- 
solves, or if it dissolves after adding a little more HClAq 
and warming, it is probably BiOCl or SbOCl ; examine 
liquid for Groups II. and omvards ; 

(iii.) If no pp. forms examine liquid for Groups II. and 

* ommrds. 

% 

III. If all does not dissolve in dilute hydrochloric acid, boil 

a Uttle with oonc. hydrochloric acid for some minutes, add 
water, boil, and let cool :■ — ■ ^ 

(i») If white crystalline pp. forms examine this for PhCL, and 
filtrate for Groups II. and ontoards ; 

(ii.) If white amorphous pp. forms, warm again ; if pp. dis- 
solves, or if it dissolves after adding a little more HClAq 
and warming, it is probably BiOCl or SbOCl; examine 
liquid for Groups II. and onwards ; 

(iii.) If no pp. forms examine liquid for Groups II. and 
omvards. 
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IV. If all does not dissolve by treatment with cone, hydro- 
chloric acid, boil a little with aq[ua regia till most of acid is re- 
moved, add water, boil, and let cool ^ 

(i.) If white solid remains, wash this thoroughly, and then 
examine it for SbaOg or SnO^ (p. 280) ; boil clown filtrate 
from white solid nearly to dryness, add a little con-a. 
hydrochlorio acid, boil nearly to dryness, add waterc'boil, 
and let cool f « m ■ 

(a) If white crystalline pp. forms examine this for 
PbCl,, and filtrate for Groups II. an§, onwards ; <i 
(/3) If white amorphous pp. forms, waa’m again ; if pp.^ 
dissolves, or if it dissdlves after adding a little more 
HGlAq and warming, it is probably BiOCl or SbOCl ; 
examine liquid for Groups II. and onwards ; 

(y) If no pp. forms examine liquid for Groups II. and 
onwards ; 

(ii.) If no solid remains boil nearly to dryness, add a little 
oono. hydrochloric acid, boil nearly to di’yness, add water, 
boil, , and let cool ; examine liquid for Gs'ov/ps II. and 
onwards. 

V. If substance is not decomposed by aqua regia 6xamine*it 
as an Insoluble Substance (p. 285). 
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INSOLUBLE SUBSTANCES 

Boad the who^e of the directions before beginning 

• ¥he commonosJ substances that are insoluble in byclrooblorio 
ii}.cid, ami also in aqua regia, are the following : silica and most 
silicates ; certain arsenates ; sulphates of barium, strontium, and 
^lead ; silver chloride ; SnOg, SbjO^, and SbaOj ; AljOj, Fe^Os, and 
CraOa, after they have been very strongly heated ; carbon and 
sulpliur. 

If the appeao-ance of the substaneo suggests the presence of 
carbon or sulphur, a special examination should be made for 
^ these elements. Carbon is detected by burning a little of the 
substance in a piece of hard glass tube in a stream of air that 
has bubbled through potash solution l(to remove COu), and letting 
the gaseous products of the burning pass into lime water. 
Sulphur may be detected by the appearance and smell when a 
little of the substance is burnt, in a Bunsen flame, on a platinum 
spatula. 

’'Mix about the quantity of the finelg powdered substance 
indicated in fig. 37 (p. 279) in a capacious jjorcelain crucible, 
with five or*six times its weight of a mixture of about equal 
g^t%dry sodium carbonate and dry potassmtn carbonate ; heat 
over a Bunsen lamp and then over a foot blowpipe until the 
whole melts ; keep thoroughly molten for about ten minutes, 
and then allow to cool. Place the crucible in a basin, cover the 
crucible with water, and boil until the contents of the cruciblo 
are thoroughly disintegrated and washed out into the basin ; 
then filter, and wash the residue five or six times with hot water, 
adding the washings to the filtrate. 

Besidue. Solution. 

Dissolve in as little dihite Use about three-fourths for 
nitric acid as possible, and eva- the detection of acids, evapo- 
porate nearly to dryness ; add rating to a jpasty solid, and 
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a little com, hydrochlorio acid, using this as directed in Lesson 

ancl again evaporate nearly to LI. (p. ^90). Bemetnber that 

dryness ; repeat this treatment this substance contains sodium 

■with hydrochloric acid', then and potassium carbonates. 

add luater, ■warm, and filter if r To the remaining one-fourth 
there is any insoluble matter, of the solution add dihhte 

Examine the insoluble portion hydroohioric acid untij. the 

for silica by making a bead of liquid is slightly aAdf'eva'- 

microcosmic salt porate nearly to dryness, add 

(NaNHjHPOj . 4H:20) some water, "warm, and filt& 

on a piece of clean platinum if there is any insoluble matter 
■wire, and heating a little of insoluble portion for 

the substance on this till the miorooosmh head 

bead melts If white opaque the filtrate 

particles are seen in the melted iii® insoluble portion for 

bead, which particles do not arsenic, antimony, tin, alumi- ^ 
dissolve after some time, a niimi, or ohromkm. 

Silicate is present.* Also 
examine the insoluble matter 
for Group I. Examine the fil- 
trate from the insoluble portion 
for the other groups, as far as 
the end of Group V. 

Kbaotiosb. — E usion with sodium oarhonato deoomposBB the insoluble 
salts and oxides, forming, in most oasea, a carbonate (or sometimSs 
an oxide) of the metal of the insobible salt or oxide, and a sodium 
salt of the acid of the insoluble salt ; a.g. • * 

PhSO^ + (a: + l)NajC0, = PbCOs -r Ha^SO, + 

The sodium salts thus formed dissolve in water ; the carbonates of the 
metals of the insoluble salts are insoluble in water, but dissolve in 
dilute nitrio acid. If a silicate is present the aqueous solution of 
the product of fusion contains sodium silicate : but somff’ of the 
silicate is generally found in the portion insoluble in water. If com- 
pounds of arsenic, antimony, tin, aluminium, or chroftiium are present, 
the aqueous solution of the product of fusion contains arsenate, 
antimonate, stannate, aluminate, or chromate of sodium ; but com- 
pounds of these metals are generally present in that portion of the 
product of fusion that is insoluble in wat^. 

As fusion in a porcelain crucible may bring silica into the substance, the 
orif/hiul substance ^lould also be examiuod for silica by the micvocosniio head 
test. 
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LESSON E 

. BBAOTIONS OF*’Tn]il OOMMONEB ACIDIC BADICLES 
’ " 

Materials required. — Sodium, or potassium, salts of the 
following acids boric, carbonic, hydriodic, hydrdbromic, hydro- 
chloric, nitric, oxalic, phosphoric, sulphm'ic, sulphydric, and 
thiosulphurio. 

Group reagents for the acidic radicles have been found only 
in a few cases. It is necessary almost to deal with each acid by 
itself, or at any rate to be content with grouping the acids 
woughly and approximately, and then testing for each member of 
these rough groups in succession. Happily it is possible, in the 
cases of fairly simple mixtures of acids, at any rate, to find tests 
for one acid which are not interfered with by the presence of 
several other acids. 

The grouping adopted in the following directions is based 
primarily on the reactions of solid salts of the various acids with 
sulphuric acid. The testa are arranged so that several acidic 
rj^dicles may be detected in the same mixture of salts. 

The directions apply to the detection of the radicles of the 
folioWng acids only : — * 

horia, ca'i^onio, hydriodic, hydrobromic, hydrochloric, nitric, 
oxalic, phosphoric, sulphuric, sulphydric, and thiosulphuric, 

Gkoup I. — Acids, salts of which react with dilute sulphuric, 
acid, either with or without warming, and give off gases reoog- 
, nisable by their properties and reactions : — 

carbonic, sulphydric, and thiosulplmric acids, 

Gboup II. — Acids, salts of which react with cone, sulphuric 
acid, either with or without warming, and give off gases recog- 
nisable by their properties and reactions ; — 

hydriodic, hydrobromic, hydrochloiic, nitric, rad oxalic acids. 
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Gboup III. — Acids, salts of which do not give characteristic 
rcdctions with sulphuric acid : — o 

boric, sulphuric, and phosphoric acids. 

Synopsis of those Beactions of th^ Compounds of fartam Acidic 

Badicles which are Employed %n Detecting these Badicles. 

The student should perforin each of j^he following rej-etions 
with a sodium, or potassium, salt of the acid-named. He tihould 
make a point of finding out, either from what he has done in 
Section I. of this book, or from a text-book of descriptive rche- 
mistry, what reactions occur in each test which'^he performs. 

f- 

Gboup I. — The addition of a*^ little dilute sulplmrio acid to 

(i.) A solid carbonate causes the evolution of GO^, which 
reacts with Ume wafer to form a white pp. of CaCOa. (See 
Section L, p. 8 .) 

(ii.) A sulphide causes the evolution of H.iS, recognised byit» 
smell and the formation of a dark brown pp. of PbS by reacting 
■with solution of a salt of Wad. This reaction is more pronounced 
when heat is used. 

A solution of a sulphide gives a black pp. (AgjS) with a solu- 
tion of a salt of silver. This pp. is insoluble in ammonia 
solution. 

(iii.) A thiosulphate, followed by warming, causes the deposi- 
tion of yellow sulphur, and the evolution of SO2 ; the gas ^s 
recognised by its smell, and the formation of a green solution of 
chromic sulphate when it reacts w<th a drop of a soluijoi^, of 
potassium chromate placed on filter paper which is'held over the 
mouth of the test-tube. 

A solution of a thiosulphate gives a white pp. (Ag^SjOa) with 
ra solution of a salt of silver ; when the hipiid is warmed the pp. 
is decomposed, until finally black silver sulphide (Ag2S)^i3 pro- 
duced. 

« 

Geoup II. — The addition of a Htye cone, sulphuric acid to 

(i.) A solid iodide produces some gaseous HI, and generally 
also a httle solid iodine ; the gas is recygnised by its strongly 
acid smell, and the Bohd by its appearance. 

Iodides in solution react with an aqueous solution of chlorine 
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to form olilorides'aiiil iodine ; iodine dissolves readily in carbon 
disiilphiih forming a violet liquid which does not mix with, and 
is heavier than, wate;^. 

(ii.) A solid bromide produces white, acid-smelling fumes 
of HBr, mixed with very iiadly smelling reddish fumes of 
dironiine. 

Buomichs in solujion react with an aqueous solution of 
chloirme to form cblwides and bromine ; bromine is soluble in 
cqrbon disuli^nde to which it imparts a reddish broivn colour. 

^ii.) A solklphloride produces white, acid-smelling fumes of 
pGl which form white solid ammonium chloride when brought 
into contact with gaseous aimnoMa. 

Ollorides in solution give a white pp. of silver chloride with 
solution of a salt of silver \ this pp. is easily soluble in ammonia 
solution. 

(iv.) A solid 'iw'trate, followed by heating, causes the evolution 
of small quantities of the brownish-coloured gas NO^. 

Nitrates in solution venai withcou*. sulphuric acid and a cold 
solution of fenmes sulphate to form various dark brown soluble 
compounds of ferrous sulphate and nitric o:jjde (isFeSO^.j/NO), 
which are very easily decomposed by heat. (For details see 
Section I., p. 70.) 

\v.) A solid oxalate, followed by heating, produces a mixture 
of GO and COj ; the former gas is easily ignited and burns with 
a* characteristically coloured, violet-blue flame. 

. Oxalates in sohition givfj a white pp. of CaCj 04 with a solu- 
tion ol a salt, of calcium ; this pp. is soluble in ordinary mineral 
acids, but is insoluble m CLCctk acid. 

Guour in. — Solutions of sulphates give a white pp, of BaSOj 
with absolution of a salt of barium ; this pp. is insoluble in acids.” 

Solutions of phosphates give a yellow pp. of ammonium 
phospho-molyBdates by warming with nitric acid and ammonium, 
molybdate solution. ■* 

Solutions of borates are readily decomposed by hydrochloric 
acid, giving some boric acid which remains in the solution and 
stains turmeric paper reddish, especially when the paper is 
soaked in the liquid and is then dried. 
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lESSON^ LI 

DETECTION OF THE COMMONBB AOiDIO EADICIES " 

^ a ftt. 

The folloioing directions for detecting certain 
acidic radicles show how the properties and re- 
actions of compounds of these radicles described 
in the last lesson arc employed- for this purpose. 

Theradielea iucludedin these directions are those of the 
following acids '—boric, carbonic, hydriodic, hydrobromic, 
hydroohloric,nitrio,oxalia, phosphoric, sulphuric, sulphydric, 
and thiosulphurio. 

The directions do not apply to mixtures of salts some of 
which seriously modify the reactions of the others ; such as 
a mixture of an iodide and a nitrate; of a bromide and a 
chloride; of aJyromide, a chloride, and an iodide ; or of a 
sulphate, a sulpihide, and a thiosulphate. *• 

If th^ mixture of salts given for analysis is a solid proofed 
according to part A of these directions. 

If the mixture of salts given for analysis 'is in solution prd- 
ceed according to part B of these directions (p. 296). 

A. THE SUBSTANCE TO BE TESTED is\ SOLID 

I. To a small quantity of the solid add about a fourth ol 
^a test-tubeful of dilute s^phui’ic acid : — 

(i.) If a colourless, odourless, non-inllammahle gas is given 
off, that produces a turbidity in lime water, tliis,.gas is carbon 
dioxide ; 

therefore a CabbonatE is present. 

(ii.) If a colourless gas is given off, smelling of rotten eggs, 
and producing a brownish black stain (of lead sulpbide) on papei 
moistened with a solution of a salt of lead and held close to the 
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mouth, of the tube, gouerally accompanied by the formation gf a 
little very finely divideS, white solid, this gas is hydrogen sulphide 
(the white solid is sijjphui’) ; 

, therefore a S^tIiPHIde is present. 

This reaction may not be apparent until heat is applied, 
Whether a positive result has or has not been 

OBTAINED WITH OhLD DILUTE SULPHURIO ACID, WARM THE 
:^iQDm : — 

' <(iii.) If a colourless, non-fuming gas is given off, having the 
^smell of burning sulphur, and changing the colour of potassium 
chromate solution to the greenliolour of chromic sulphate solu- 
tion when a piece of paper moistened with one drop of potassium 
chromate solution is held close to the mouth of the tube ; and a 
very finely divided yellow solid gradually forms in the liquid ; 
the gas is sulphur dioxide, and the solid is sulphiu’ ; 

therefore a Thiosulphate is present. 

• 

Note. — On addition of dilute s^dyUnric acid effervescence may 
occur and the smell of hydrogen sulphide may be apparent ; 
this would sltuio a sidphide ; but as a carbonate may also he 
‘present, the escaping gas must be decanted into lime water. 

Whatever results have been obtained under i., 

PROCEED TO II. 

II. To a small quaiitity«of the solid add about an eighth of 
■a*te^-tubei^l of concentrated sulphuric acid : — 

(i.) If a reddish violet gas is given off, mixed ivith white, 
acid-smelling, fumes, the coloured gas is probably iodine, and the 
whito fumes are probably hydrogen iodide ; the raactim will 6s 
rendemd more definite by warming gently (the smell of hydrogen 
sulphido, and perhaps also of sulphur dioxide, may be apparent 
on warming ',"3om6 brownish violet solid [iodine] rvill bo deposited 
on the cooler parts of tba«tube) an iodide is probably present. 

To confirm the ptresence of an iodide dissolve a little 
of the original solid m water, or in a very ddute acid — if the 
solution in water is allialine add dilute nitric acid till the liquid is 
slightly acid— add a few drops of carbon disidphide, and then 
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ohlqrinc xoatcr until tlio smell of cMorine is just perceptible, and 
shake well ; if the carbon disulphide is coloured violet, this colour 
is caused by iodine dissolved in the carbon ^sulphide ; 

therefore on Iodid^ is present. >' 

(ii.) If a brownish red, very badly smelling gas is given ,oCf, 
accompanied by white, acid-smelling fumee, the coloured gas is 
probably bromine, and the white fumes are "probably fiydfogen 
bromide ; the reaction %uill he rendered more definite by warming 
gently,— 0, bromide is probably present. , * 

To confirm the presence of a bromide, dissolve a little 
of the original solid in water, or in'ahttle very dilute acid— if the 
solution in water is alkaline add dilute nitric acid till the hquid 
is slightly acid — add a few drops of carbon disulphide, and then 
chlorine v’ater until the smell of chlorine is just perceptible, and 
shake well ; if the oarbon disulphide is coloured reddish brown, 
this colour is caused by bromine dissolved in the carbon 
disulphide ; ^ 

therefore a Beomudb is present. 

(iii.) If a strongly-fuming, acid-smelling, white vapour is 
given ofl', this vapour is probably hydrogen chloride ; — a ehloruh 
is probably present. The reaction will be rendered more definite 
by warming gently. * 

To confirm the presence of a chloride, dissolve a littlo 
of the original solid in water (or in dilute nitric aciS), add a slighi 
excess of nitric acid, and then silvermitrate solution, oolleqt t^je 
pp. that forms on a filter, wash it a few times, remove the filtrate 
and ashings, put a clean tube beneath the funnel containing 
the pp,, pour warm ammonia over the pp., and add a slight 
excess of nitric acid to the ammoniacal solution that runs 
through the filter into the tube ; if a white pp. is proLluced, 
this pp. is silver chloride— which is soluble in ammonia but not 
in dilute nitric acid ; 

tberefore a Chlobidh'is present. 

Note — Always perform the silver nitrate test for a chloride 
whether warming with uono. sulphuric *'aoid has or has not 
indicated the presence of a chloride. 
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Note eegabding the Silvbe Nitbate Test eoe a Ghloi^ide 

If a sulphide, is p-esant, along with a chlomlo, the pp. by 
AgNOjAq will he black, because black Ag^S will be pp-d. along 
with white ^gCl; but amme^nia will dissolve only AgCl from this 
pp., and on adding HNO^iAq to the solution in ammonia white 
'AgCl will be re-preoinitated. 

ff O' ihiosulphate% present, alottg with a chloride, the pp. by 
AgNOjAq will be white, but it will rapidly become grey, then 
brown, and finally black, because white Ag2S203 soon decomposes 
to Iblack AgjS but ammonia will dissolve only AgCl from this 
«pp., and on adding HNOjAq t^ the solution in ammonia white 
AgC],will be re-precipitated. 

Whether a positive result has or has not been obtained 

WITH GOLD OONO. SULPHURIO ACID, WARM A LITTLE OP THE 
ORIGINAL SUBSTANCE WITH A SMALL QUANTITY OP THIS 
ACID : — 

(iv.) If an acid-smelling gas, with a slightly brownish red 
colour, is given off on warming with com. sulphuric acid, this 
gas is probably nitrogen dioxide, and therefore a nitrate is 
jyvbablg present. 

To confirm the presence of a nitrate, thoroughly 
ocSiL the contents of the tube in which the original solid has been 
heated with cone, sulphm-io acid, then hold the tube in a sloping 
position, and«*sZoR)i2/ pour into it a solution of ferrous sulphate 
freshly jirepared in cold ,water ; if a blackish brown colour 
i? praduced, where the lighter ferrous sulpbato solution meets 
the heavier liquid containing sulpliuno acid, this colour is caused 
by a compound, or compounds, of NO and FeSO^ dissolved in 
the water (a:PeS04 .i/NO) ; 

• therefore a Nitrate is present. 

Note. — Alwe^ys perforin the ferrous sulphate test for a nitrate 
whether heating with cono. sulphuric acid has or has not 
indicated the presence of a nitrate. 

(v.) If a colourless, non-fuming gas is given off on warming 
with cono. sulpJmrio acid, which gas takes fire, and burns with 
a pale bluish lavender flame when a light is brought to the 
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mouth of the tube, this gaa ia carbon monoxide, and probably 
an 'oxalate is iiresmt. r, 

To confirm the presence of an oxalate, dissolve alittle 
of the original solid in water, add acetic acid in excess, and then 
calciim chloride solution ; if a whi^e pp. is producbll, this pp. is 
calcium oxalate ; 

therefore an Oxalate is pjiesent. 

Note begabding the Oonpebmatory Test foe an Oxalate 
I f the original is not soluble in water dissolve it in dij-uth 
hydrochloric or nitric acid, add a slight exceh of ammonia, 
then excess of acetic acid, and th^n calcium chloride solution : — 
calcium oxalate is soluble in the ordinary mineral aoidr, but 
is insoluble in acetic acid. 

Note. — Perform the calcium chloride test for an oxalate even 
if heating with cono. sulphuric acid has not indicated the 
presence of an oxalate. 


■Whatever results ceavb been obtained under i. 

AND II., proceed to III. 

III. Dissolve some of the original solid in water, or dilute 
nitric acid, and divide the solution into two parts ; — 

(i.) To one portion of the solution add barium niir^ite 
solution ; a white pp. that does not dissolve in dilute nitric acid, 
nor in dilute hydrochloric acid, is barium sulphate ; , 

therefore a Sulphate is present. 

f) ^ 

(ii.) To the other portion of the solution add dilute nitric acid, 
heat nearly to boiling, and then add ammonium molybdate 
solution ; if a light yellow pp. forms slowly this pp. is an 
ammonium phosphomolybdate ; 

therefore a Phosphate is present. * 


Note regarding the Test fob a Phosphate 
I f the original solution containsra thiosulphate, warming 
with nitric acid will cause the separation of yellow, finely 
divided sulphur, hut the pp. by ammonium molybdate will, 
nevertheless, be quite apparent. ^ 

This test for fi, phosphate supposes the absence of arsenic. 
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Whatever results have been obtained undeb i., 

II., AND in., PKOGEED TO IV. 

IV. Dissolve a little of the original solid in dilute hydro- 
chloric acid,:— 

Immerse a piece of turiherio paiKr in the solution, soak the 
' paper for soma time, in the liquid, then remove it, and dry it 
.tlioj^ugljly by holdir^ it at the side of a Bunsen llame ; if the 
paper appears reddish whan dry, this colour is caused by boric 
-acid ; 

* -» therefore a Bobatb is present. 

B. THE SUBSTANCE T0BE TESTED 18 A SOLUTION. 
Whatever results are obtained in i., prooeed to ii. 
AND III. 

I. Addition of dilute sulphuric acid wiU give the reactions 
for a carbonate, a sulphide, and a thiosulphate [see A. I. (i.), 

(ii-)- (iii-)]- , X- 

II. Heating with cone, sulphuric acid may give indications 
of an iodide, a bromide, and a nitrate [see A. II. (i.), (ii.), and 

ITT . Test separate portions of the solution ; 

(i.) For an iodide, by the carbon disulphide test [see A. 
II. (i.), p. 291]. 

(ii.) F(jr a bromide, by the carbo^i disulphide test [sea A. 
n. (ii.), p. 292]. 

• (iii.) For a chloride,'\)j the silver nitrate test [sec A. II. 
(iii.), p. 29^]. 

(iv.) For a nitrate, by the ferrous sulphate test [see A. 
II. (iv.), p. 293]. 

^ (v.) For an oxalate, by the calciuvi chloride test [sec A. 

II. (V.), p. 294]. _ 

(vi.) Flit’ a sulphate, by the barium nitrate test [see A. 

III. (i.), p. 294]. 

(vii.) For a phosphate, by the ammonium molybdate test [see 
A. III. (ii.), p. 294]. 

(viii.) For a boihte, by the turmeric-paper test [see A. IV. 
above]. 
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When the student has become familiar with the detailed 
directions given in this Lesson for detecting the various acidic 
radicles he may find the following table useful as a guide. 

If this table is to be usOd successfully a great deal of detail 
must be supplied by the student himself. The table is to be 
regarded merely as a general guide to those who have a fa^ 
working acquaintance with the methods summarised therein. 




other acidic radicles, luust be tested for iu separute 
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BBFOBE BEGINNING THE ANALYSIS OP A MIXTpEB OP METALS, 

OE OP SALTS, HEAD THE HOLLOWING GENBEAL NOTE. ^ 

r 

Note regarding tJie qualitative analysis of mixtures ^ of the 
commoner metals, and of mixtures of salts, when not more than 
one metal is present in any one group, and lohen the reactions 
of any one acidic radicle are not seriously modified by the other 
acidic radicles which are present. r 

I. Proceed to tie detection of the metals, In accordance'- 
with the directions given ih. Lesson XLIX. (pp. 276 to 283). 

II. Detect the acidic radicles, in accordance with the 
directions given in Lesson LI. (pp. 290 to 297). 

Note. — When the analyst is dealing with mixtures t'tfat 
may contain several metals in each group, and ipany 
acidic radicles, it is ad-visable to remove the metals, and 
to combine the acidic radicles with sodium (by boilipg 
the original substance with sodium carbonate), before 
testing for the acidic radicles ; but this procedural ia-not 
necessary hi such comparatively simple cases as those now 
under consideration. 
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LESSON III 

BXAMINAl'ION OP A SOLID BY DEV TESTS 


WHATHYEB EES^LTS AEE OBTAINED IN I., PKOCEBD TO II.-VI. 
I. Heat a very Uttle in a dr^ narrow tube of hard glass. 

■» A. A sublimate is formed : — 

(i.) Reddish drops sulphur. 

(ii.) White ammonium salts, AsjOg, 

Sb.A,HgCl,orHgCl,. 
(iii.) Shiijing, mirror-like . . . arsenic. 

(iv.) Metallic globules . ■ ■ ^ mercury, 

B. A gas is giom off : — 
y (i.) Brown-red = WOg .... nitrates. 

(ii.) Colourless, smelling of NH^ . ammonium salts. 

'(iii.) „ „ SOa . sulphites. 


1 II. Take very little on a bead of borax and heat, till 
thoroughly melted, in the outer, upper part of a Bunsen flame. 
Natick’ colour of bead both i^ien hot and cold : — 

(i.) Yellow-red (pale greenish when 

cold) compounds of iron. 


(ii.) Green (blue-green when cold) 

(iii.) Blue (hot and cold) .... „ 

(iv.) Emerald-green (hot and cold) „ 

(v.) AmetEyst (nearly colourless 
when heated for»some time 
in luminous tip of Bunsen 

flame) . 

(vi.) Pinkish browm „ 

Silver compounds produce a grey, opaque besid. 


copper. 

cobalt. 

chromium. 


manganese. 

nickel. 
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III. Take a vcr?j little on a clean platinum wire (that is, a 
wire wliich does not colour a liot non-luiwinoua flame) and bring 
it into the lower, outer part of a Bunsen flame. Notice colour 
imparted to the flame ; if there is no distinct colouration, moisten 
the huibstance on the wire with cofc. hi/drochlortc tioid and bring 
it again into the flame : — 

(i.) Deep yellow conipounds of so,diuJg. 

(ii.) Violet-lavender (looks purple- * 

violet through a thick piece 

of blue glass) „ » potassium. 

Note. — A hlue-violet colour, rgencmlly accompanied by ivJmie 
fumes, is given by compounds of antimony, arsenic, bisnmth, 
lead, and various other heavy metals., 

(lii.) Grass-green compounds of barium. 


(iv.) Crimson to red „ strontium op 

• calcium, n 

(v.) Blue-green ....... „ copper. 


IV. Mix a little with three or four times as much solid dry 
sodium carbonate and a little Bolid potassium cyanide. *''■ 

NOTE. — Potassium Oyanidb is extremely PoibonouIS. 

Place the mixture in a small hole in a piece of charcoal, heat in 
reducing fla7ne of a blowpipe till melted, scrape t£e melted mass 
and some of the charcoal arovmd <t into a mortar, grind with 
water, and pour off water and light particles ; repesrt washing till 
only small metal-like particles, or a heavy dark powder, remain 
in the mortar. Eub these particles, or powder, with a pestle and 
^notice whether the solid flattens out or breaks into powder : — 

r 

(i.) Particles are reddish and malle- 
able . . . ■. coppS’. 

(ii.) Particles are grey and mallesrhle . lead, silver, or perhaps 

tin. 

Lead gives a yellow incrustation on the oha^oal ; tin, a very slight ia- 
orustatiou whioh is yellow when hot ; and silver, no incrustation. (These 
inornstations are oxides of tlie metals.) 
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(in.) Particles are grey and brittle . . antimony or bismuth. 

Antimony gives a white, '’and bismuth a yellow-oraiigo, inoruatation, 

(iv.) A blackish, magnetic powder is 

produced^ . iron, cobalt, or nickel. 

^ ‘Yk, Mis a little witlj. three or four times as much solid dry 
sodmmfcarhonate, heat.nn charcoal in reducing flame of blowpipe 
till melted’, scrape the melted mass on to a silver coin, and 
mqisten with water. 

If> the silver is stained brown this shows that original eon- 
tg^ined a compound of sulphur. 

Notjj. — O ompounds of sulphur are reduced by this treatment, and lla„8 
is formed ; this diaaolvea in water and the solution in contact with silver 
forms a alight pp. of Ag^S. 

VI. Heat a little, supported on a small loop on the end of a 
piece of platinum wire, in a Bunsen flame for a few minutes ; 
■^hen moisten with three or four drops^not more) of a solution of 
cobalt nitrate, and heat again to full redness for some minutes ; 
then allow to cool : — 

{{i.) Residue is coloured blue . . compounds of aluminium 

(certain phosphates also 

-> give this reaction). 

(ii.) Residue is coloured green . compounds of zinc. 

ft 

1 To try whether the powder is inagpmtic, wash some of it on to a piece of 
bi'olj^n pJaKR, ponr off tlie wutfp, Iffesit tlm powder over n low fiamo till 
QUITE DRY, and bring a inagnutiaed knife-blado close to thu dry powder. 
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Cutting glass tubes.- — Make a oleau scratch with a sharp thrae- 
edged file across the tube ; hold the tube with the scratch upwards, 
and pull the two ends apart with a slightly downward inclination ; if 
the tube is wide, a deep mark, e.'ttending nearly round the tube, should 
.,}je made. Or a smaller scratch may be made, and the rod-hot tip of a 
piece of glass tube, Arwion to a fino point, may be brought on to the 
scratch ; if the crack thtts made does no? pass quite romid the tube, 
the small red-hot tip of the piece of glass tubing may be brought on to 
the tube near one end of the crack and then moved slowly round the 
tu^, tvhen the crack will follow the moving piece of hot glass. The 
e^ges ot'the ends of a glass tube should always be melted slightly, by 
holding each end in a hot flame, before the tube is used. 

Bending glass tubes. — Use an ordinar’y lish-tail burner the flame 
of which is about two inches broad. Hold the glass tube in the 
broadest part ofthe flame, and keep it m constant rotation until the 
glass h?-s softened ; then romo-?e the tnhe from the flame and bond it 
very sloiuhj. o 

Drawing out glass tnbes. — Heat the glass tube, rotating it con- 
stantly, in a blowpipe flame of such a sizo that a length of the tube at 
least etpial to the diameter of the tube is softened ; continue to heat,, 
with co,[iHlaat lotation, but without drawing the ends apart, until the 
■walls of the tube are thickened somewhat at the softened part ; then 
' remove the tube*(rora the ilame, and very slowly draw the ends apart 
until the tube is narrowed sufficiently. Lot the tnho cool, cut it at the 
proper place, and round the eTlges of both ends by holding thorn in a 
Bunsen flame for a moment or two. 


Closing the ends of glass tubes. — Proceed as directed under draiving 
ont glass tubes miti\ the'glasa" softens, then slowly draw the ends a 


very little way apart ; keep the narrowed part sufficiently hot to allow 
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the wnlls of the tube at this part to thicken ; then heat a little more 
strongly and slowly draw the ends quite apawt; now remove the little 
knob of glass from the closed end of the tube by applying a very small 
blowiu’pe dame to it and drawing off the molted knob by means of a 
piece of pointed glass tubing. Nowr heat the closed md of the tube 
till it softens, rotating the tube constantly ; remove the tithe from the 
flame and blow into it very gently so as to riause the melted efld'tO 
become seuiicii'onlar. ^ _ 

Boring holes in corks, and fitting glass tubes into corks. — Choose 
a cork rather larger than the opening into which it is to he fitte^ ; 
wrap the cork in a piece of paper, and roll it under ..the foot, pressing 
gentlj' and equally while yon do this. 

If a hols is to be boi'sd in a soffened cork with a file, place the cor5 
on the table and gently press a little way into it the pointed end of a 
rat-tail file ; then repeat this process at the other end of the cork, 
taking eare that the two holes are exactly opposite one another. By 
repeating those processes the boles will meet; now hold the cork 
lengthwise on the table, and work the file into tlie hole you have macle^ 
with. a gentle rotatory motion imtil the hole in the Cork is nearly,* 
but not quite, as wdde as the^diamoter of the tube that is to be fitted 
into it. 

Cork borei's are very useful for making holes in corks, and thoy are 
manipulated more easily than a file. % 

When fitting a glass tube into a hole in a cork, grasp the tube near 
the end that is to ho inserted into the cork, wot this end of the tube, 
and work it into the hole in the cork gradually, with a gentle rotatory 
motion. The rotigh edges of tlie ends of glass tubes must always \e 
melted smooth before the tubes are fitted into corks. ' 
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T, Table op Solubilities 

ft 

The table on tbe following page is so arranged that the bases are 
placed at the heads of the columns, and the acichc radicles with 
which the bases may be combined are placed at the side. 

The figures refer to the various vtcnstrua in which the salts are 
soluble. Thus ; 

I. means soluble in water. 

II. means soluble in acids, but insoluble in water. 

Ill, mealhs insoluble in both water and acids. 

The solubilities of the more commonly occvuTuig salts are indicated 
by Roman figures— I,, II., III., while those salts which aie of less 
frequent occurrence have Arabic figures placed after them — 1, 2, or 8. 

lEjorne substances are placed in more than one class. This is indi- 
cated thus : 1-2 means a substance very slightly soluble in water, but 
solubife in acids ; 1-3 means a substance soluble with difficulty in 
water, the solubility of which is not mcreased by the addition of acids ; 
2-S means a subf^.ance insoluble in water, and but slightly soluble in 
acids. 

if Table showing the Relation between English Weights 

AND MeASUEES and THOSE OF THE MbTEIO SYSTEM 
Measures of Weight 


Milligram 



•01548285 troy grain. 

.pentigram 



•1648236 „ „ 

Decigram 


= 

1-6482S5 „ 

Gram » 



16^43235 „ grains. 

n 



•648 pennyweight. 

» 


= 

•03216 oz. avoirdupois. 

u 



•03537 oz. troy. 

Kilogram 

\ '* 

.=s 

2^6803 lbs. troy. 

>» 


2^20462 lbs. avoirdupois. 

^Metric Ton (1000 kilos.) 

- 

2204-02 „ ’ „ 


% 
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Measures of Length 

Millimetre = -OBOa? incli. 

Centimetre = •3937 „ 

Decimetre /• = 3‘9B7 inches 

Metre = 39-37 „ 

„ » -= 8-2809 feet. 

^ » 1-0987 yard.. 

lueb--* 2-68998 centii^etres. Foot = 8-04794 deoiinotres. 
9l438*ilietrh, Milo = 1609-82 metres. 
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Yttrd = 


^The following approximate relalKons may be found useful :■ 


Dgram 

= 16^- grains 

28J grams 

= 

1 oz. 

, 6 grams 

= m - 

100 „ 


8^ oz. 

10 „ 

= 166 „ 

■> 142 „ 


6 oz. 

20 

= 810 „ 

284 „ 


10 oz. 

10 c.o. 

= 1 fluid oz. 1 

210 c.o. 

ea 

7 fluid oz. 

* 80 c.o. 

= 1 

270 c.o. 

= 

0 „ 

60 o.c. 

= 1§ .. 

300 0.0. 

ts 

10 „ 

60 0.0. 

2 „ 

860 o.c. 

&9 

12 „ 

90 o.c. 

= 8 „ 

42(?»c.o. 

9 

14 „ 

100 o.c. 

= 8^- „ 

460 c.o. 

» 

15 }} 

200 0.0. 

“ Of „ 

600 0.0. 


nearly 17 oz. 

^ ’i litre = 

-22 gallon; 4} litres = 

= nearly 1 gallon. 

A TVinohester 


quart bottle contains about 2:^ litres of water. 

Tie accompanying scale shows the relation between centhnetres 


„aud inches. Inches. 



Centhnetres. 


III. To ooNVERT Degrees Fahrenheit into Degrees 
Centigrade and yiob versa 
* (C.° X 1-8) + 32 = F.° 

, (P.° -32) -7-1-8 = 0.° 


IV. To convert Degree^ of Twaddell's Hydeometeb into 
Speoifio Geai-ity 

(Degrees Twaddell x 6) + 1000 = sp. gravity. 

(Sp. Gravity f lOQf)) -H 6 = degrees Twaddell. 

I All ordinary test-tube holds about 80 o.o. of water. ^ 
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V. Names, Svmuols, and Apmoxisiate Atomic Weights 
OF THE Edemento 


Tlio Atomio Weights are given imround numbers 


Name. 

Approx. 
Symbol, atomic 

r Name. 

^mbol. 

Approx, 

atomio 


weight. 


weight. 

Aluminium 

A1 27 

Nicltel 

Ni 


Antimony 

Sb 120 

Niob'hum 

Nb 

^ 94 

ArsBiiic 

As 75 

Nitrogdh 

N ” 

"-14 

Barium 

Ba 137 

Osmium 

Os 

191, 

Beryllium 

Be 9 

Oxygen ^ 

0 

46 

Biamutli 

Bi 208 

Palladium 

Pd 

106 

Boron 

B 11 , 

Phosphorus 

P 

31 

Bromine 

Br 80 

Platinum 

Pt 


Gaclmium 

Cd 112 

Potassium 

K 

89 

Caesium 

Cs 138 

Rhodium 

Rh 

103 

Calcium 

Ca 40 

Rubidium 

Rb 

85-5 

Coi'lion 

C 12 

Rulhemum 

En 

101 

Cerium 

Ce 140 

Scandium 

^So 

44 

Chlorine 

01 «5'5 

Selenion 

Se 

79 

Chromium 

Cr 62 

• Silicon 

Si 

28 

Cobalt 

Co 59 

Silver 

Ag 

108 

Copper 

Cu 68 

Sodium 

Na 

2», 

Fluorine 

F 19 

Strontium 

Sr 

87 

Gallium 

Ga 70 

Sulphm' 

S 

ae 

Germanium 

Ge 72 

Tantalum 

Ta 

182 

Gold 

Au 197 

Tellurium 

Te 

126(21 

Hydrogen 

H 1 

Thallium 

* T1 

204 

Indium 

In 118 

Thorium 

Th 

.23^ 

Iodine 

I 127 

Tin 

6n 

118 

Iridium 

H 192 

Titanium 

Ti 

48 

Iron 

Fe 66 

Tmigsten 

W 

184 

Lanthanum 

La 139 

Uranium 

U 

240 

Lead 

Pb 207 

Yanadium 

V 

. 61 

Lithium 

Li 7 

Ytterbium 

Yb 

173 

Magnesium 

Mg 24 

Yttrium 

• Y 

89 

Manganese 

Mn 66 

Zinc 

Zn 

65 

Mercury 

Hg 200 

Zirconium 

Zr 

90 

Molybdenum 

Mo 96 
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BEAGENTS 

Pominlft. Diroetloua for niakintr n Soliiffon for 

Hydrochloric 

HGl 

Labomtory U'so. 

Mix 1 part oi cone, acid with 

acid 

Ammonia 

NH3 

3 parts of water. 

Mix 1 part of cone, solution with 

V ’ 

Acetic acid 

HjC.Os 

3 parts of water. 

Mbkljrart of cone, acid solution 

Ammonium sul- 

(NH,)B 

with 2 parts of water. 

Mix 1 part of cone, solution with 

pljide 

Siuplmric acid 

H,SO, 

1 part of water. 

To 8 or 10 parts water add 

Nitric acid 

HNO 3 

slowly 1 iiart cone, acid. 

Mix 1 part cone, acid with 

^Potash 

KOH 

3 parts water. 

Dissolve 1 part by weight in 


• 

6 or 8 parts water by measure. 

Soda , 

NaOH 

Dissolve 1 part by weight in 

Ammonium car- 

(NH.)H 0 , 

6 or 8 parts water by measure. 
Dissolve 1 part by weight in 

bonate 

Ammonium oxa- 

• 

C or G parts water by measure. 
(NH,)„OjO, .2HjO Dissolve 1 part by weight in 

lata 

Barium nitrate 

Ba(N 03 ), 

15 or 20 parts water by mea- 
sure. 

Dissolve 1 part by weight in 

Gobait nitrate 

• 

Co(N03),.6H30 

about 00 parts water by mea- 
sure. 

Dissolve 1 part by weight in 


♦ ' • 

about 50 parts water by mea- 
sure. 
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Name. 

PoimulB. 

Forric chloride 

PeCIa 

Potassium iodide 

KI 

Potassium ferro- 

K,Fe(ON)„ 

cyanide 

Silver nitrate 

AgNOa 

Copper sulphate 

OuSO,.6H„0 

Potassium sulpho- 

KCNS 

cyanide 

Stannous chloride 

SnCl *. 2H.p 


Directions foi* making a Solution for 
Laboratory Use. 

DisaiJlve 1 part by weigJjt in 
abopt 60 parts watsi' by mea- 
sure. 

Dissolve 1 pari by weight m 
ab^ut 60 parts water by. mga- 
sure. . 

Dissolve- 1 part by worght 'll! 
about 60 parts water by mea-‘ 
sure. 

ft 

Dissolve 1 5part by weight in 
about 100 parts water tey 
meastire. ^ 

Dissolve 1 part by weight in 
about 100 parts water by 
measure. 

Dissolve 1 part by weight in 
about 100 parts water b^ 
measure. 

Dissolve 1 part by weight in 
about 100 parts water by 
measure, containing a ^ittle 
hydrochloric acid. '' 


Other ordinary reagents . — Dissolve 1 part of each in from (12 to 
16 parts of water by measure. 

To make lime water . — Shake slaked lime with distilled watorj^in 
a Winchester quart for about 10 or 15 minutes and allow to settle. 

* . . 

Silver Residues.— -Add hydrochloric acid ; collect ^lid on a large 
filter, and wash repeatedly with hot water. Then boil with a little 
dilute nitric acid, and again wash repeatedly with hot water. Press 
solid matter in calico ; mix it with its own weight of powdered borax 
and three times its weight of dry sodium carbonate ; place mixture in 
earthenware crucible and heat in a good furnace tOl melted. Remove 
crucible and tap it to cause silver to gather to a lunifi ; allow to cool ; 
break the crucible, and remove the lump of sOver. Boil with water ; 
then dissolve in the smallest possible Quantity of dilute nitric acid ; 
evaporate to the crystallising point and let cool — evaporate mothei 
liquor a little further to get second crop of crystals. Drain crystals ol 
silver nitrate ; press them in paper, Und foorystallise several times 
from water, 
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Platinum Eosidues. — Evaporate all to dryness; boil witb water; 
pour off water ; add oonoentrated solution of oxalio acid and evaporate 
to dryness. Heat in a good furnace, using an earthenware crucible, 
tin quite blaolr. Boil t^e platinum with oono. hydroobloric acid for 
some time ; w^h with hot water till toasliinga are quite neutral to 
litmus ; then boil with nitric dbid. Pour off nitrio acid, and wash 
repeatedly with hot watqr. Now diasolve in 1 part cone, nitric acid 
mixed with 3 parts oogo. hydroohloric acid, hy heating in a hnsin ; 
!?vap«.tit6 to dryness at 100° ; add a little cone, hydrochloric acid and 
evaporate again to complete dryness at 100° ; repeat the evaporation 
to'’copiplete dryness at 100° with cone, hydrocliloric acid. Then heat 
at 100° till every -ft-aoe of hydroehlorio acid is removed. 



